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Akt.  L  —  Tke  Change  of  Heat   Condv^tivity^  on  Parsing 
laoihermaUy  from  Solid  to  Liquid  ;  by  C.  Barus. 

I.  Preliminary. — To  fully  investigate  a  problem  like  the 

f resent,  the  application  of  pressures  is  obviousljr  necessary, 
n  my  workf  on  the  continuity  of  solid  and  liquid  I  showed, 
however,  that  hysteresis  rarely  if  ever  fails  to  accompany 
change  of  state.  Since  therefore  undercooling  is  not  avoidea, 
even  when  pressure  changes  the  state  of  a  body  from  solid  to 
liquid  at  the  same  temperature,  it  seemed  permissible  to  facili- 
tate the  experiments  by  selecting  an  undercooled  liquid  at  the 
outset.  In  other  words,  thymol — and  with  this  substance  the 
following  measurements  were  made — which  can  be  kept  either 
liquid  or  solid  between  0°  and  50°  C,  merely  exhibits  under 
atmospheric  pressures  and  temperatures  the  same  volume  W, 
that  in  more  or  less  pronounced  degree  is  common  to  most  if 
not  all  crystalline  bodies,  at  pressures  and  temperatures  as  a 
rule  enormously  higher.  Apart  from  this  it  seems  idle  to 
ascribe  to  the  molten  liquid  a  more  intimate  relation  to  the 
solid  than  that  possessed  by  the  undercooled  liquid,  without 
distinctly  specifying  just  what  the  relation  is ;  and  this  at  the 
present  state  of  our  knowledge  of  the  solid  and  liquid  mole- 
cule, is  impossible.  Vague  notions  about  polymerism  are  little 
to  the  point.  Without  evidence  to  the  contrary,  I  am  at 
liberty  to  suppose  that  the  liquid  as  well  as  the  solid  obey  cer- 
tain ideal  physical  laws  ;  and  these  I  may  conceive  to  be  pro- 

*  This  investigation  was  suggested  by  Mr.  Clarence  King, 
t  This  Journal,  xlii,  p.  125,  1891  ;  cf.  p.  140. 
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longed  indefinitely  below  the  melting  point  in  the  former  case, 
and  indefinitely  above  fusion  in  the  latter  case  (solid) ;  and  I 
can  estimate  the  amount  of  error  involved  in  such  a  supposi- 
tion by  actually  comparing  any  given  claae  of  properties  of 
the  liquid  above  and  below  the  melting  point,  by  direct  ex- 
periment.* 

I  may  add  finally  that  the  application  of  pressure  would 
enormously  complicate  the  method  of  measurement,  which 
even  in  its  simplest  form,  is  not  without  grave  diflSculties. 
Indeed  the  task  of  keeping  thymol  liquid  between  4®  and  16** 
in  a  copper  vessel,  proved  to  be  most  wearisome,  and  out  of 
very  many  experiments  only  relatively  few  were  obtained 
undfer  thoroughly  trustworthy  conditions. 

2.  Method  employed. — Seeing  that  the  available  substances 
are  usually  of  low  absolute  conductivity  (below  h  =  600/1 O*), 
and  keeping  in  mind  the  desideratum  of  a  method  which  could 
eventually  be  used  for  bodies  under  pressure,  I  found  none 
better  suited  to  the  present  problem  than  the  one  which  H.  F. 
"Weberf  has  so  brilliantly  and  elaborately  worked  out  Weber 
places  a  thin,  wide,  plane-parallel  plate  or  layer  of  the  sub- 
stance to  be  examined  between  and  in  close  contact  with  two 
thick  plates  of  copper,  and  it  is  proved  that  these  are  identical 
as  to  temperature,  with  the  upper  and  lower  isothermal  of  the 
layer.  §9.  The  system  is  first  heated  so  as  to  be  at  a  given 
temperature  throughout.  It  is  then  suddenly  and  permanently 
cooled  at  the  lower  surface  (copper  plate),  and  the  time  rate  at 
which  heat  travels  from  the  top  plate  to  the  bottom  plate, 
through  the  intervening  layer,  is  measured  by  a  thermo-couple. 
From  these  data  the  absolute  thermal  conductivity  of  the  layer 
may  be  computed  when  the  constants  of  the  system  are  known. 
To  obviate  convection  in  the  case  of  liquids,  all  plane  surfaces 
are  placed  horizontal,  and  cold  surfaces  are  lowermost. 

To  cool  the  bottom  plate  Weber  either  bedded  the  system 
on  a  plane  of  ice,  surrounding  it  by  an  ice  environment,  or 
lowered  its  temperature  by  a  shower  bath  of  hydrant  water 
with  a  corresponding  environment.  It  is  not  feasible  to  apply 
this  method  directly  to  thymol :  clearly,  in  the  first  place  all 
manner  of  disturbance  or  handling  must  tend  to  freeze  the 
under-cooled  liquid.  In  the  second  place  freshly  distilled 
thymol  absorbs  water  or  aqueous  vapor  at  an  initial  rate  of 
•00032  g  per  cm"  of  free  surface  per  hour,  and  the  interval  of 
undercooling  is  thereby  decreased.  At  least  in  contact  with 
copper  in  air,  thymol  soon  becomes  colored  and  unsuitable  for 
the  experiments.     Failing  therefore  utterly  in  the  attempt  to 

*  The  continuation  of  the  present  research  must  for  the  above  reasons  await 
the  warm  weather, 
t  H.  F.  Weber:  Wied.  Ann.,  x,  pp.  103,  304,  472,  1880. 


Digitized  by  VjOOQIC 


Pas^iny  Isothermallg  from  Solid  to  Liquid. 


8 


obtain  results  for  the  liquid,  §1, 1  modified  the  method  so  as 
to  adopt  it  both  for  high  temperature  and  low  temperature 
environments,  as  follows. 

Apparatus. 

3.  General  disposition. — To  obtain  a  circulation  of  water  at 
any  constant  temperature  not  more  than  30°  or  40°  above  the 
temperature  of  the  hydrant  water,  I  used  the  device  of  boiler, 
graauated  faucet  and  distributer,  to  be  described  in  connection 
with  my  work  on  the  volume  expansion  and  the  thermal 
capacity  of  thymol.* 


J_ 


Figl. 


Fig.  1. — "Vertical  section  of^the  apparatus  for  thermal  conductivity,  with  all 
parts  in  place.    Scale  \. 

In  figure  1,  BD  and  jEfi'arethe  cylindrical  copper  plates 
between   which  the  sample  to  be  tried  is  sandwiched.     The 

♦See  note  in  Proceed.  Am.  Acad.,  vol.  xxvi,  p.  313,  1892. 
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system  is  completely  surrounded  bv  a  cylindrical  box  ABCj 
through  the  hollow  walls  of  which  the  water  continually  circu- 
lates. In  this  way  an  environment  of  any  constant  tempera- 
ture is  obtained. 

To  heat  or  cool  the  lower  plate  EE^  it  is  made  the  top  of  a 
shallow  box  FF^  the  bottom  of  which  is  perforated  by  influx 
and  efflux  tubes  G,  G\   S7. 

The  whole  system,  AiiC^  is  heavily  jacketed  with  blanket- 
ing (not  shown),  and  a  sink  placed  below  the  efflux  tubes  car- 
ries off  the  water. 

4.  Environment — This  consists  of  the  three  parts  AAA^ 
BB  and  CCCC^  made  of  heavy  tinned  sheet  iron,  and  capable 
of  moving  up  and  down  and  of  being  clamped  in  any  vertical 
position  along  four  upright  slides  (not  shown).  It  is  advisable 
to  fix  the  bottom  CVuC  permanently,  and  the  frame  is  pro- 
vided with  leveling  screws  so  that  the  plates  DD  and  EE mny 
be  adjusted  to  the  norizontal,  accurately. 

The  top  AAA  is  virtually  a  bell  jar.  Water  enters  at  a  in 
jets  directed  toward  the  center  as  well  as  toward  the  right 
(tangentially)  so  as  to  keep  up  a  circulation.  It  issues  at  J, 
and'  passes  thence  through  a  sufficient  but  short  length  of 
jacketed  rubber  tubing  to  the  tubulure  c,  near  the  bottom  of 
the  ring  BB.  Rotation  is  here  also  kept  up  by  tangential  in- 
flux, and  the  water  issuing  at  d  near  the  top  of  BB^  passes 
through  rubber  tubing  to  e  on  one  side  of  the  bottom  CCCCy 
finally  leaving  this  vessel  at  yon  the  other  side.  When  not 
otherwise  used,  tlie  water  is  carried  to  a  level  above  AAA,  to 
prevent  siphonage.  By  making  the  environment  of  parts  in 
this  way,  two  advantages  are  secured :  for  apart  from  the  greater 
thoroughness  of  circulation  favorable  to  constancy  of  tempera- 
ture, the  parts  may  be  raised  so  that  the  plates  1)D  and  EE 
may  at  all  times  be  easily  charged  or  inspected.  In  the  actual 
apparatus  the  influx  and  efflux  tubulures  are  to  be  in  a  vertical 
plane  at  right  angles  to  the  thermometer  tubulures.  AAA 
has  four  other  tubulures :  /  (oblique)  for  the  insertion  of  a 
thermometer  into  the  circulating  water,  and  M  for  registering 
the  air  temperature  within ;  through  £  the  air  which  always 
accumulates  from  hot  water  may  be  discharged,  and  through 
iT,  a  wire  may  be  inserted  for  raising  and  suspending  the 
upper  plate  DD,  §8.  Similarly  the  tubulure  k  admits  a  ther- 
mometer into  the  water  circulating  in  BB.  Finally  the  bot- 
tom CC  has  two  large  and  two  sm^l  perforations,  through 
which  pass  the  tubes  &,  G\  and  gff,  as  well  as  the  wires  of  the 
thermo-couple,  §6.  The  tubulure  ii  reaching  nearly  to  the 
top,  discharges  accumulated  air. 

5.  Copper  conduction  plates. — Both  DD  and  EEsLve  silver 
plated,  making  them  less  subject  to  the  action  of  thymol.     The 
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former  {D)  is  15-23^  in  diameter,  i'300""  thick,  turned  accu- 
rately cylindrical  and  polished  on  its  lower  surface.  Besides 
the  central  hole  r,  it  has  two  small  eyelets,  asy  placed  symmet- 
rically on  the  same  diameter,  by  aid  of  which  the  plate  may 
be  suspended,  §8.  Finally  the  junction  m'  of  the  thermo-couple 
mmfm  is  soldered  to  the  top  of  this  plate,  the  wires  passing 
fhrough  the  tube  in  the  bottom,  CC. 

The  plate  DD  is  supported  on  the  upper  polished  plane 
surface  of  £Ey  by  three  plate  glass  spacers  ^,  ^,  'i*""  to  -2*^"  high, 
and  •2X'2  cm*  square.  EEi^oi  the  same  diameter  as  i?/>, 
but  only  -6*=°*  thick.  The  sides  of  the  box  FF,  of  which  EE  is 
the  top,  project  upward  to  form  a  gutter  ZZ,  in  which  the 
excess  of  charge  is  caught  and  may  be  siphoned  off.  In  case 
of  undercooled  liquids  this  gutter  is  absolutely  essential,  and  I 
found  it  advantageous  to  coat  it  with  vulcanized  rubber 
deposited  from  solution.  Rough  surfaces  induce  premature 
freezing.  The  box  FF  plants  its  three  steel  feet  on  plates  of 
brass  (not  shown),  imbedded  in  the  top  of  CC^  thus  securing 
the  necessary  firmness  of  the  conducting  system.  Finally  the 
junction  n',  of  a  second  thermo-couple  nn'n^  identical  in  every 
respect  with  mmlm^  is  soldered  to  the  bottom  surface  of  EE^ 
and  after  passing  through  a  sealed  tubulure  F  in  the  side  of 
FF^  the  wires  pass  out  through  DC. 

One  of  the  tubes  GG  which  admit  and  withdraw  large 
bulks  of  water,  communicates  through  a  massive  three-xoay 
stop  cock  HK^  with  the  faucet  of  the  hydrant.  The  tubulure 
gg  which  nearly  touches  the  bottom  of  E^  discharges  into  a 
small  cistern  with  two  tnbulures  h  and  ^,  and  a  thermometer, 
y,  here  registers  the  temperature  of  the  efflux  through  A. 

To  introduce  the  charge,  liquid  thymol  is  carefully  poured 
in  through  r,  by  aid  of  a  fine  funnel  tube.  In  case  of  copper 
plates  this  rarely  succeeds  at  ordinary  temperatures.  I  heated 
the  plates  during  charging  above  the  melting  poiut  of  thymol, 
and  then  allowed  them  to  cool  in  the  closed  environment. 
The  charge  is  best  frozen  when  quite  cold  and  from  the  center 
outward,  by  contact  with  a  crystal,  inserted  through  r.  Allow- 
ance must  be  made  for  the  volume  contraction,  §14.  In  the 
following  work  with  solid  thymol,  the  glass  spaces  ^,  ^,  were 
left  in  placa  I  believe  now  that  this  is  unfavorable  to  perfect 
adhesion  between  the  solid  layer  and  the  copper  plates,  even 
though  the  cold  plates  were  found  to  be  thoroughly  cemented 
togetner,  A  better  plan  would  be  that  of  placing  the  spacers 
near  the  edge,  and  of  removing  them,  as  soon  as  a  sufficient 
amount  of  thymol  has  solidified  to  sustain  the  upper  plate. 

6.  ThennO'Couple, — The  thermo-couples  m  and  /i,  of  german 
silver  and  copper,  being  identical  both  as  regards  metal  and 
dimensions,  the  temperatures  of  the  upper  or  the  lower  plate 
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oonld  be  meajBiired  independently ;'  or  by  soldering  the  german 
silver  wires  together  and  coupling  the  ends  of  the  copper  wires 
with  the  galvanometer,  differences  of  temperature  could  be 
measured.  The  latter  method  was  adopted  since  this  differen- 
tial quantity  enters  the  formulsB.  Great  care  must  be  taken  to 
see  that  the  charge  is  electrically  a  noncondnctor.  This  is  the 
case  for  thymol,  but  series  of  experiments  which  I  made  with 
water  proved  worthless  because  of  this  discrepancy.  To  cali- 
brate the  thermo-couples  in  question,  duplicate  sets  of  identical 
wires  (metal  and  dimensions)  were  at  hand.  The  galvanome- 
ter of  my  own  make  showed  about  3  scale  parts  per  degree  C, 
and  it  was  a  periodic  and  nearly  constant  in  sensitiveness. 

7.  Heating  and  cooling. — There  are  two  methods  available 
for  heating  the  system  of  plates  1)  and  E  uniformly  through- 
out, Jto  be  used  respectively,  when  the  environment  is  of  high 
temperature  or  of  low  temperature. 

(1.)  To  heat  the  plates  to  the  temperature  of  the  (hot)  envi- 
ronment, the  stop-cock  H^  is  closed  relatively  to  6r,  and  the 
efflux  water  from /led  by  jacketed  rubber  tubing,  through  the 
cork  R  into  G^.  The  water  thus  fills  jPi^and  issues  at  A.  Its 
temperature  is  read  off  at  q.  DD  and  EE^oou  reach  the  same 
temperature  within  -01®  C. 

When  the  actual  measurements  are  to  be  commenced,  water 
from  the  hydrant  is  first  passed  through  R  and  JP",  until  its 
temperature  is  constant  The  cock  R  is  now  loosened,  and  at 
a  given  signal  ^is  suddenly  opened  into  G.  The  great  bulk 
of  water  now  entering  FF^  forces  out  jB,  and  floods  the  ther- 
mometer reservoir  below  g.  Here  therefore  temperature  is 
again  registered  by  q. 

(2.)  In  case  of  the  cold  (2°-6®)  environment,  hydrant  water 
is  passed  directly  through  the  tubes  a  to  /',  but  the  method  of 
heating  2?,  E  is  less  simple.  If  warm  water  be  passed  through 
-ff,  as  before,  the  temperature  of  ^  would  even  after  long  wait- 
ing exceed  that  6i  £>.  For  plates  -l*™  apart  this  persistent 
excess  amounted  to  say  '9°  C,  varying  with  the  distance  between 
the  plates,  their  internal  and  external  conduction,  etc.  The 
discrepancy  may,  however,  be  obviated  by  using  two  supplies 
of  warm  water,  one  of  which  is  a  few  degrees  (3°-5®)  hotter 
than  the  other.  The  hotter  water*  is  first  passed  through  R 
and  FF,  After  the  lapse  of  sufficient  time  the  second  hot 
water  supply  of  constant  but  lower  temperature  is  made  to 
replace  the  other.  Thus  EE\^  slightly  cooled  at  once,  whereas 
DD  only  cools  very  gradually,  but  must  eventually  fall  to  a 
temperature  below  E     Observations  are  therefore  commenced 

♦Fletcher's  "  instantaneous  water  heater,"  furnishes  a  satisfactory  circulation, 
for  the  temperature  of  this  water  need  not  be  very  constant. 
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(as  before)  when  the  thermo-cotiple  shows  no  difference  of  the 
temperatare  between  the  plate& 

8.  External  conductivity. — To  determine  the  radiation  con- 
stant Aj  I  Dsed  two  methods,  in  one  of  which  the  cold  plate 
(2>)  was  raised  in  an  environment  hot  above  and  cold  below; 
and  in  the  second  of  which  the  hot  plate  {D)  was  raised  in  a 
uniformly  cold  environment.  The  latter  is  essentially  that  of 
Weber. 

The  environment  being  at  any  constant  temperature,  I 
removed  the  spacers  ^,  t^  and  placed  the  copper  plates  in  con- 
tact. A  strong  current  of  water  circulating  in  FFy  kept  the 
plates  at  the  same  temperature  differing  from  that  of  the  envi- 
ronment. By  aid  of  threads  fastened  to  ss^  and  a  wire,  passing 
through  N'^  the  plate  D  was  now  raised  and  kept  suspended  by 
a  clamp  on  the  outsida  During  all  this  time  the  differential 
thermo-couple  was  in  place  and  changes  of  temperature  of  the 
plate  were  thus  registered. 

Kelatively  to  the  slow  external  conduction,  the  suspended 
plate  DD  is  always  an  isothermal  region.  Hence  if  M^  be 
the  mass,  c^  the  specific  heat,  and  u  the  temperature  excess  of 
the  plate  at  the  time  t\  ii  F^  (top  and  sides)  be  the  surface 
toward  the  hot  environment  and  jT  (bottom)  the  surface  toward 
the  cold  environment ;  if  finally  r  be  the  temperature  excess 
of  the  hot  environment  and  h^  tne  external  conductivity,  then 
M.c^du  =  hXF,{T-^))dt  -  h.Fudtj  or  du/dt  +  h,{F,^F)u/M,o, 
=  h^F^x/Mfi^^  a  differential  equation  which  after  integration 
leads  to 

where  F^rF^^O^  and  where  u  and  u'  correspond  respectively 
to  t  and  V, 

In  this  way  I  obtained  the  results  of  Table  1,  where  r'  is  the 
initial  temperature  of  the  cold  plates,  and  hence  r+r'  the 
actual  temperature  of  the  environment,  and  U'\-r'  the  actual 
temperatures  of  the  suspended  plate  at  the  consecutive  times. 
The  table  further  contains  H—t-t'  and  bXogi^F^r/O—v)- 
•484  \u(F^t/0''U')/{F,t/0-u\  and  finally  the  values  of  A,. 

Table  1. 

External  oonductivitj.             Complex  .  Cold  plate  raised. 

lO'x           Mean           enTironment.  Mean. 

M    6\ogiFr/0^u)    tt  +  T'          t'          t-^t"  A,  x  10'        A,  x  10' 

Mc  "  C  'C  °  C 

180     1811     6-6  5-7    30'-6  1072    1082 

180     1706     7-6  6-7    30-6  1045 

120     1270     8-5  6-7    30-5  1130 

180     1878     7-3  5-7    29*9  1112    1040 

180     1792     7-8  5-7    299  1061 

180     1685     8-7  5-7    29*9  997 

180     1661     9*5  5*7    29*9  980 
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In  the  second  method  the  water  circulating  in  the  environ- 
ment came  directly  from  the  hydrant,  while  warm  water  cir- 
^  culated  throngh  I^P,  below  the  contiguous  plates.  After  the 
*  lapse  of  sufficient  time  the  upper  plate  was  raised  as  before 
and  suspended.  At  the  same  time  the  cold  water  of  the  envi- 
ronment was  passed  through  jFjFj  thus  making  the  temperature 
of  the  walls  surrounding  the  plate  D  uniform  almost  instantly. 

The  conditions  of  cooling  may  be  taken  from  equation  (1) 
by  making  the  temperature  excess  of  the  environment  r=0. 
The  equation  reduces  to  In  u'/u^A^O{t-'f)/M,c^, 

Data  of  this  kind  are  given  in  Table  2,  where  dt^t^-f  and 
d  log  4  =  '434  In  u'/u,  and  where  r  is  the  temperature  of  the 
environment  and  -w-f-r,  the  actual  temperature  of  the  suspended 
plate.  It  will  be  seen  that  groups  of  consecutive  observations 
were  made  after  intervals  of  waiting,  and  that  two  independent 
series  are  in  hand. 


Table  2. 

External 

30Dductivit7. 

Uniform 
environment. 

Hot  plate 

raised. 
Mean. 

6i 

Slogu 

U  +  T 

T 

h,  X  W 

hi  X  10^ 

"C. 

•c. 

'C. 

180 

1737 

29-2 

5.6 

1028 

935 

.    180 

1632 

29-4 

5-6 

966 

180 

1644 

25-7 

5-6 

973 

Pause  23'" 

180 
180- 

1566 

19-9 

5-6 

914 

1569 

18-9 

5-6 

923 

Pause  36°^ 

180 
180 

1435 

13-9 

5-6 

849 

1506 

13-4 

5-6 

891 

180 
180 

1653 

29-9 

5-6 

979 

919 

1671 

28-0 

6-6 

989 

Pause  23°* 

N 

j  180 
(  180 

1590 

21-4 

5-6 

941 

1563 

20-2 

6-6 

925 

Pause  21°* 

j  180 
{  180 

1504 

16-4 

5-6 

890 

1546 

15-6 

5-6 

915 

Pause  32"* 

180  1343  11-5         5-6 

Mean  :  h^^  -0000082  +  -0000007  u 


795 


In  both  series  in  Table  2,  h^  varies  with  the  temperature 
excess ;  and  since  these  values  are  better  than  the  data  of  Table 

1,  I  have  taken  the  mean  equation  for  A^  as  appended  to  Table 

2,  for  the  reduction  of  the  observations  below. 
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Method  of  computation. 

9.  General  case  of  the  environment — A  short  resum^  of  the 
changes  of  condition  involved  is  here  necessary,  since  for 
reasons  specified  in  §2, 1  found  it  necessary  to  depart  somewhat 
from  the  method  of  Weber. 

In  his  masterly  discussion  of  the  flow  of  heat  in  the  plates 
Weber  shows  that  the  two  copper  discs  are  isothermal  regions 
identical  to  about  1 :  1000  with  the  upper  and  lower  isothermal 
surfaces,  respectively,  of  the  enclosed  non-metallic  liquid,  no 
matter  what  it  be.  Hence  in  addition  to  Fourier's  well  known 
equation  of  heat  conduction,  the  following  surface  equations 
obtain  for  the  upper  plate ;  Given  a  set  of  cylindrical  coordi- 
nates whose  origin  is  in  the  upper  surface  oi  the  lower  plate, 
and  whose  axis  coincides  with  the  axis  of  the  plates ;  let  dis- 
tance above  the  surface  of  reference,  radius  and  azimuth  of 
any  point,  whose  temperature  excess  is  u  at  the  time  t,  be  rep- 
resented by  a?,  r  and  ^,  respectively.  Let  r  =  Iihe  the  radius, 
J,  the  thickness,  I^\  tne  exposed  surface  (top  and  sides),  I^  the 
lower  surface  of  the  upper  plate,  J/j  its  mass,  c,  its  specific 
heat,  and  h^  its  external  conductivity.  Let  J  be  the  thickness 
of  the  layer  of  the  charge,  k  its  absolute  heat  conductivity,  h 
its  external  conductivity,  c  its  specific  heat.  Finally  let  u  be 
the  uniform  temperature  excess  of  the  system  at  the  time  zero. 
Then  the  conditions  in  question  are 

1.  a;  =  0,  M  =  0  for  all  values  of  t. 

2.  aj  =  J,  u  independent  of  r  for  all  values  of  t. 

4.  r  =  Ii,  k{du/dr)^  ^hu^  =0 

5.  t  =  0,  u^V,  for  M  the  values  of  x  and  r. 

Weber  expands  2^  in  a  series  of  mixed  Bessel  functions  of  the 
type 

u  =  Ae  sin  qx  +  Be  sin  pxJJjnr) 

and  proves  that  by  suitable  spacing  the  copper  discs,  the  value 
of  u  is  almost  wholly  contained  in  the  first  term  even  after 
a  few  seconds.  To  determine  the  constant  q^  the  insertion  of 
the  condition  (3)  is  available :  i.  e.,  any  of  the  infinite  roots  of 
the  transcendental  resulting,  leads  to  a  singular  solution  of  the 
equation  of  heat  conduction,  and  thus  the  complete  primitive 
is  given  as  the  sum  of  all  of  these.  But  inasmuch  as  the 
squares  of  the  succession  of  values  q^  q\  .  . .  .  increase  rapidly, 
the  singular  solution  and  the  complete  primitive  again  soon 
coincide  in  the  lapse  of  time.     Thus  the  temperature  excess  of 
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the  upper  plate  (and  it  is  here  that  the  thermo-electric  meaeore- 
ment  is  made)  is  after  a  short  time  (60*), 

w^=Cr8in^J6"*^*'/^, (6) 

where  y  is  the  smallest  root  of  the  transcendental  referred  to. 

10.  Uontinuation. — ^Now  the  change  to  be  made  in  these 
deductions  in  my  own  case,  where  the  environment  may  have 
any  temperature  excess  r,  given  by  replacing  the  condition  (8) 
by  the  equation — 

-^■'■''■''■(§).=*^(S)/*-^<%-"  •  •  •  •  <'■> 

where  />,  and  p  are  respectively  the  densities  of  the  copperplate 
and  the  charge.     Imposing  this  condition  on  (6)  I  obtain 

ko*  F  Ft    Ido'^/oc 

A^.^»j^  sin  q^^kq  cosg^J  +  A^-^sin  ^J_A  — '^f'^^'^ 

or  after  farther  reduction 

^  J  tan  ^  J  =  -.  ^ 


A^p^c^  k  F  Jq'V      uj  ^  ^ 


Hence  the  value  of  q  in  (6)  is  to  be  the  smallest  root  of  (7). 
j^If  therefore    consecutive    temperatures,  w,    u\  .  .  .  .  are 
measured  at  consecutive  times  t^  t\  .  .  .  .  equation  (6)  may  be 
solved  with  reference  to  i  as  follows : 

A  =  £f      »     ,„!!:=  ^2-303  ^i^....   (8) 
q*  t—t        2i        q*  6t  ^  ' 

Equations  (7)  and  (8)  show  that  the  arithmetical  results  can 
only  be  obtained  by  successive  approximation.  Disregarding 
the  corrective  factor  in  (7)  approximate  values  of  h  and  q  are 
first  found.  These  are  then  put  in  (7)  and  (8)  and  closer  values 
of  h  and  a  computed.  I  often  repeated  this  operation  again, 
taking  full  cognizance  of  the  change  of  q  with  the  mean  tem- 
perature of  the  charge. 

11.  Special  cases, — (1)  If  in  (7)  the  temperature  excess  of 
the  environment,  r  =  0,  the  conditions  revert  to  those  of  Weber. 

(2).  If  as  in  my  case,  the  initial  temperature  be  the  same  for 
the  plates  and  the  environment,  or  if  initially  r  =  i^,  the  correc- 
tion vanishes  at  the  beginning  of  the  work  but  increases  in  the 
lapse  of  time. 

If  -w  =  r,  throughout,  the  radiation  correction  would  always 
vanish.     Now  it  struck  me  that  it  might  be  very  well  worth 
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while  to  construct  an  apparatus  f or  t  =  -w ;  for  although  ordi- 
narily the  correction  for  surface  conduction  is  nearly  enough 
given  by  the  computed  value,  there  are  cases  of  exceptionally 
bad  conduction  (for  instance  in  gases)  where  this  is  no  longer 
fully  the  case.  Suppose,  however,  the  system  be  duplicated 
as   in  figure  2.     I^t  the 

lower  pair  of  plates,  />,  E^  \ 

be  like  those  of  the  above  i 

figjnre.      Let    the    upper 

I 
I 


pair  of  plates  D\  £\  be 
somewhat  larger,  and  the 
eonductor  D\   somewhat 
thinner  and  shall owly  bell- 
shaped,  so  as  to  surround  i 
the  plate  D  on  all  exposed  \ 
sides.      Then     if    dFpc/  1 
J/a  =  AF'p'dlM\c\  the 
constants  q  ana  q'  for  the 
two  systems  will  be  iden-         Fig.  2.— Duplicate  apparatus  for  heat 

tical  to  a  second  degree  of  conduction. 

approximation.     Hence  1^=1^^,  and  therefore  as  regards  the 

plate  2),  T  =  t^  at  all  times. 

In  using  this  device  for  measuring  conduction  in  gases,  the 
environment  A  B  C^  figure  1,  would  nave  to  be  sealed  hermeti- 
cally, and  the  gas  to  be  studied,  introduced  into  the  whole 
interior  space,  at  any  temperature  (environment)  or  pressure 
desirable.  In  such  a  case,  since  J  =  J',  />  =  />',<?  =  o\  0,=  0^ 
the  simple  conditions  are 

(4)  If  the  environment  be  at  a  temperature  intermediate 
between  the  initial  and  the  final  values  t^  of  a  given  pair  of 
observations,  then  l—z/u  passes  from  positive  to  negative 
values,  and  the  corrective  may  also  vanish ;  but  this  case  is 
superfluous  here. 

Beturning  for  a  moment  to  case  (2),  it  is  clear  that  the  radia- 
tion corrective  is  least  when  the  temperature  gradient  of  the 
layer  is  steepest.  So  long  therefore  as  the  thermal  variation 
of  conductivity  is  not  fully  known,  it  is  advisable  to  prefer 
small  values  both  of  U  and  J. 

F}xperi mental  Results, 

12.  Method  of  observation. — If  after  the  lapse  of  60  minutes 
the  plates  were  heated  uniformly,  the  cold  water  faucet  was 
suddenly  opened;  but  observations  of  temperature  {u)  and 
time  {t)  were  not  commenced  until  a  minute  later.     A  good 
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chronometer  beating  half  seconds  was  at  hand  for  time  measure- 
ment, and  temperatares  (since  relative  values  enter  the  formulsB) 
were  directly  given  by  the  deflections  of  the  dead  beat  galva- 
nometer, reduced  to  arcs.  For  charges  1^  thick  (J),  observa- 
tions were  taken  every  20'*%  for  charges  '15"°  thick  every  30*% 
and  for  charges  '19^  thick  every  60**®.  Usually  24  readings 
were  made  for  each  heating,  which  were  then  combined  in 
four  batches  of  6  observations  each.  By  joining  the  1st  and 
4th,  2d  and  5th,  etc.,  I  therefore  obtained  12  data  for  i,  with 
the  mean  temperature  corresponding  to  each. 

Readings  of  the  zero  of  the  galvanometer,  and  of  the  tem- 
perature of  the  environment  were  taken  before  and  after  the 
time  measurements ;  temperatures  of  the  hot  bath  at  the  begin- 
ning, temperatures  of  the  cold  bath  at  the  end  of  the  work. 

13.  Echihit. — To  avoid  prolixity  I  will  only  give  an  example 
of  the  way  in  which  the  work  was  done.  In  addition  to  the 
corresponding  increments  of  time  {dt)  and  logarithmic  tempera- 
ture (h  log  u\  table  3  contains  the  (actual)  temperatures,  u,  to 
u^^  of  the  upper  plate  at  the  beginning  and  end  of  each  batch 
of  six  consecutive  readings.  Thus  each  value  of  ^  is  a  mean 
of  three  pairs  of  suflScient  data.  Furthermore  r  is  (henceforth*) 
the  actual  temperature  of  the  envh-onment,  U  the  initial  tem- 
perature of  the  upper  and  lower  plate,  0  the  temperature  of 
the  cold  bath ;  ana  6  finally  is  the  mean  temperature  of  the 
charge,  the  bottom  being  constantly  cold  (tf°)  and  the  top  hot 
(-w^).     The  table  also  contains  the  mean  value  of  the  corrective 

m  =  \l{l-^Apch,F,{\  -  ^y^^pfiJcF^q^ 

of  equation  (7)  §10. 

The  two  cases  in  which  the  environment  has  the  final  (cold) 
or  the  initial  (hot)  temperature  of  the  plates  are  distinguished 
as  method  I  and  II,  respectively.  In  case  of  solid  thymol  both 
were  tested  and  led  to  identical  results.  §17. 

To  obviate  discrepancies  due  to  imperfect  adhesion,  expan- 
sion, etc.,  of  solid  thymol,  three  different  values  of  J  are  intro- 
duced as  a  check  on  the  method. 

14.  Constants, — Supplementing  §§8-10, 1  need  only  add  that 
an  allowance  (/')  of  6  per  cent  of  1^  was  made  for  the  contrac- 
tion of  thymol  on  solidifying. 

JF=  182-3  cm'  A^-=i  1-300^'" 

F^—  244-5     "  p,==  8-94    " 

F'-f^  173-4    "  c,=  -933  g.  cal. 

*  To  avoid  cumbersome  notation. 
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15.  Specific  heat  and  density. — In  a  series  of  experiments 
described  elsewhere*  and  considerably  extended  since,  I  found 
for  solid  thymol  (if  e  and  p  denote  specific  heat,  density,  and 
temperature,  respectively.) 

c  =  -311  (1  + -00302^), 

l/p=  •9631/(1— (-0002466  +  2^)^) 

and  for  liquid  thymol 

c=-447  (1  + -00238^) 

l//0=  l-OO113/(l-(-OOO7600  +  2^))^ 

Hence  with  sufficient  accuracy  for  the  present  data  the  tem- 
perature factor  of  cp  for  the  solid  was  put  (I+'0028tf),  and  for 
the  liquid  (l+*0016tf).  In  computing  the  correction  factor  in 
equation  (7),  §10,  A,  was  therefore  referred  to  surface  tempera- 
tures of  the  upper  plate,  while  the  other  quantities  />,  c,  y, 
obtain  for  the  mean  temperature  B  of  the  charge. 


Table  3. 

Heat  condition  of  solid  thymol.  A 
environment,  f 

=  -1070«'»;  /, 

Low  temperature 

t*,  toite 

6i           lO^xcJlogtt 

Means 
"C. 

TJ       6 
oc.     .  °C. 

r    wxlO'A; 

xlO« 

g/c8 

24-8-1 9-7 

5,»0''-6"»0» 

805 

14-1 

27-8  )  59 

28-7  ) 

6-2 

961 

356 

18-8-16-4 

5,20-6,20 
5,40-6,40 
7,0  -8,  0 

822 

822 
825 

11-6 

-       5-9 

6-2 

963 

366 

14-8-1 2 -4 

7,20-8,20 
7,40-8,40 
9,  0-10,0 
9,20-10,20 
9,40-10,40 

821 
820 
817 
811 
815 

9-8 

—       5-9 

6-2 

965 

354 

12-0-10-1 

11,0-12,0 

11,20-12,20 

11,40-12,40 

810 
812 

827 

8-6 

-       6-9 

6-2 

966 

355 

A  = 

:-1070«»; 

//,  High  temperature  environment.^ 

23-7-19-1 

3",0»-4",  O* 
3,20-4,20 

780 
785 

13-6 

27-8  )  5-9 
27-8  J 

28-5 

1019 

360 

18-3-151 

3,40-4,40 
5,  0-6,  0 
5,20-6,20 
5,40-6,40 

790 
772 
768 
773 

l]-8 

—     5-9 

28-5 

1043 

360 

14-6-12-4 

7,  0-8,  0 

747 

9-7 

—     6-9 

28-5 

1075 

361 

12-1-10-6 

7,20-8,20 
7,40-8,40 
9,  0-10,  0 
9,20-10,20 
9,40-10,40 

755 
743 
723 
71 : 
709 

8-6 

—     6-9 

28-5 

1120 

360 

♦  Proceed.  Am.  Acad.,  xxvi,  p.  313, 1892.     f  ^^a*®  ^  suddenly  cooled  at  4™  0". 
X  Plate  E  suddenly  cooled  at  2*"  0*. 
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17.  Digest. — My  data  for  k  have  been  summarized  in  Table 
4.  In  constructing  mean  values  for  A,  for  each  heating,  data 
below  10°=  6  are  usually  discarded,  because  in  these  cases  the 
correction  factor  m  can  no  longer  be  found  without  difficulty 
in  view  of  the  rapid  variation  of  ^.  The  table  also  contains 
the  mean  values  for  thermometric  conductivity  {x=k/pc) 
obtained  (§16)  by  putting  for  the  liquid  at  13°,  pc  =-458,  and 
for  the  solid  at  12^  and  at  11°,  />c  ='834  and  ;338  respectively, 
with  the  corresponding  mean  k  for  each  spacing,  J. 

Table  4. — Condactiyity  of  solid  and  of  liquid  thjrmol.    Summaiy. 


SoUd  Thymol,  A 

r=  •192«» 

Mean 

*xlO« 

Mean 

ifexlO« 

e 

*xlO« 

AxlO« 

/cxlO< 

Method 

e 

ftxlO« 

*xlO* 

xxlO*  Method 

^a 

g/ca 

g/c8 

•0 

g/c8 

g/c8 

9-8 

354 

U'4 

356 
367 

356 

358 

n 

8-6 

365 



10-6 

1072 

13-6 

353 
353  ' 

'353 

I 

8-4 

345 

11-2 

.... 

7-4 

318 

96 

346 

.--- 

14-4 

361  ) 
364  f 

361 

_-  - . 

II 

8-4 

339 

--  -- 

11-6 

---- 

--  -- 

13-6 

360 

360 

II 

9-7 

356 

-  -  _- 

118 

360 

.... 

8-5 

361 



•  -  •  • 

9-7 

361 

.... 

7-7 

335 



-  -  -- 

8-6 

360 

.... 

SoUd  Thymol,  A 

=  •163«» 

li*2 
11-6 

346 
356 

351 

II 

13-7 

375 

371 

366 

I 

9-8 

351 

11-2 

374 

---« 

1096 

14-2 

350 

'354 

II 

9-6 

370 





11-6 

366 



86 

366 





9-8 

356 

13-6 

373 

871 



I 

13-3 

344 

'347 

II 

111 

371 





11-3 

350 

9-6 

369 





9-7 

347 



8-4 

369 



13-3 

341 

"346 

14-8 

371) 

373 



n 

11-2 

348 



121 

377   ■ 

...-- 



9-7 

349 



10-3 

371 

--  -- 

.... 

9-2 

375 





Liquid  Thymol, 

A  =  •107*» 

16-9 
12-8 
10-8 

9-6 
16-2 
130 
10-9 

9-3 
161 
12-8 
10-8 

9-3 

364 

381 

375 

367 

330? 

360 

350  : 

344 
348 
356  . 
354 
314 

373 



II 

17-5 

305 

307 

313 

U 





14-3 
120 

306 
311 



691 

365 
353 

.... 

II 
II 

16-0 
124 
10-5 
14-9 
12-3 
10-5 
15-3 
12-7 
10-8 

309 
317 
313 
311 
31H 
313 
319 
329 
328 

'313 
■314 
"325 

.... 

II 
II 
II 

Solid  Thymol,  A 

_  .io7«="» 

16-4 

302 

"iio 

^... 

II 

141 

366 

365 

H54 

I 

13-6 

313 



11-5 

366 



1063 

11-7 

315 

.  -- 

.... 

9-8 

365 



13-9 

304 

308 

II 

8-6 

364 



11-8 

311 



.... 

14-1 

356 

'365 

I 

102 

309 





11-6 

356 
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18.  Conclusion. — The  results  of  this  lon^  and  tedious  inves- 
tigation may  be  stated  in  a  few  words.  The  mean  values  of 
the  absolute  heat  conductivity,  k,  of  thymol,  obtained  from 
the  measurements  as  a  whole  are  in  g/cs. 

Solid  thymol,     12°    lO'xA:  =  369 
Liquid  thymol,  13%  10'xA'=  313 

The  mean  values  of  thermometric  heat  conductivity  x,  are  in  c^/s^ 

Solid  thymol,     12°,   lO'X  h  =  1077 
Liquid  thymol,  13%  lO'X  «=    691 

Hence  the  increment  of  heat  conductivity,  encountered  on 
passing  from  liquid  to  solid,  at  say  13^,  referred  to  solid  con- 
ductivity, 

{k^k^)/kz^'\3y  {x—Hyx  =z  -36  ; 

and  the  corresponding  increment  referred  to  liquid  conduc- 
tivity is 

{k  -  A')/*'=-16,  {x  -  x')/x'=-o6 

Kow  since  in  all  questions  relative  to  thermal  flux,  it  is  the 
thermometric  conductivity  which  enters  fundamentally  into 
the  considerations,  the  importance  of  the  effect  produced  when 
any  part  of  the  substance  changes  state  is  obvious. 


Art.  II. — O^i  Polyhaaite  and  Tennantite  from  the  MoUie 
Gibson  Mine  in  Aspen^  Colorado  ;  by  S.  L.  Penfield  and 
Stanley  H.  Peabce. 

During  the  past  year  the  Mollie  Gibson  Mine  has  been 
one  of  the.  most  productive  in  Colorado.  Our  attention  was 
first  called  to  the  specimens  from  there  by  Dr.  Richard  Pearce 
of  Denver,  who  sent  a  few  to  New  Haven  for  identification. 
Later  Mr.  C.  E.  Palmer,  general  Manager  of  the  Mollie  Gibson 
Consolidated  Mining  and  Milling  Company,  generally  supplied 
us  with  specimens  and  information  concerning  their  occurrence. 
We  take  pleasure  in  expressing  to  both  of  these  gentlemen  our 
thanks  for  their  courtesy.  From  Mr.  Palmer's  annual  report 
to  the  stockholders  for  the  year  1891,  of  his  company  we  quote 
some  figures,  which  are  of  interest  as  showing  the  wonderful 
richness  of  the  mine.  Most  of  the  production  dates  from  the 
month  of  March,  when  the  rich  ore  was  first  encountered,  and 
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for  the  most  part  was  taken  from  an  area  of  about  one  half 
acre  of  territory,  with  a  maximum  depth  of  but  300  feet.  Net 
weight  of  ore  9,080,570  lbs,,  carrying  2,053,149  ounces  of 
silver,  an  average  of  452  2  ounces  per  ton. 

The  rich  ore  occurs  between  a  hanging  wall  of  black  car- 
bonaceous shale  and  a  foot  wall  of  gray  magnesian  limestone, 
which  is  probably  of  lower  carboniferous  age.  The  ore  is 
richest  and  most  abundant  immediately  under  the  black  shales. 
The  minerals  which  have  been  observed  at  the  mine  are  poly- 
basite, tennantite,  native  silver  (sometimes  in  very  beautiful 
specimens),  argentite,  galena,  sphalerite,  siderite,  barite  and 
calcite. 

Polybasite  or  "  brittle  silver  "  of  the  miners. 

This  is  the  most  abundant  silver  mineral  at  the  mine  and 
occurs  massive,  with  grayish  black  color  and  irregular  fracture. 
Large  quantities  of  it,  nearly  free  from  gangue,  have  been 
mined,  assaying  from  10,000  to  16,000  ounces  of  silver  to  the 
ton.  A  very  abundant  and  conspicuous  ore  is  a  pink  barite 
('*  pink  spar")  with  the  polybasite  disseminated  quite  uni- 
formly through  it  and  assaying  from  1800  to  2700  ounces  of 
silver  to  the  ton.  The  mineral  also  occurs  as  streaks  and  par- 
ticles in  the  shales  and  limestones  on  the  borders  of  the  deposit, 
and  even  some  seams  of  impure  coal,  above  the  shales,  are  quite 
rich  in  silver. 

The  massive  polybasite  is  not  a  pure  mineral  as  it  appears  at 
first  sight  to  be.  The  analyses  show  a  wide  variation  in  the 
percentage  of  lead  and  do  not  yield  a  satisfactory  formula  until 
this  metal  is  deducted  in  the  form  of  galena,  although  the  lat- 
ter is  no  where  visible  in  the  material  which  was  analyzed. 
The  remaining  impurity  consists  of  a  carbonate  of  iron  and 
manganese,  which  i^  very  evenly  distributed^  is  black  from  car- 
bonaceous material  and  not  conspicuous  in  the  metallic  sulphide. 
The  analysis  is  given  beyond. 

Some  of  the  specimens  consist  of  a  fine  grained,  crystalline 
carbonate  of  iron,  manganese  and  zinc,  having  a  brown  color 
and  probably  a  variety  of  siderite.  This  seems  to  have  been 
deposited  over  tabular  crystals  of  polybasite,  but  it  can  not  be 
broken  away  so  as  to  show  the  crystalline  form  of  the  latter  as 
it  adheres  quite  tenaciously.  Some  of  the  polybasite  crystals 
are  surrounded  first  by  a  layer  of  siderite,  then  by  a  narrow 
zone  of  metallic  mineral  and  then  again  by  siderite.  As  this 
seemed  to  be  the  nearest  approach  to  the  pure  crystallized  silver 
mineral,  which  we  were  likely  to  obtain,  great  pains  was  taken 
to  pick  out  a  sufficient  quantity  for  the  following  analysis. 
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MaMive  mineral. 

Analysis 

br  8.  H. 

Pearce.     . 

Specific  grayity  oftbree  pieces 

Crystals  from  siderlte. 

6-06. 5-98  and  610. 

Analysis  by  S.  L.  Penfleld. 

I. 

II. 

Average. 

Specific  gravity  6-080. 

S            15-77 

15-88 

16-83 

8 

17-42 

As           4-48 

4-46 

4-47 

As 

610 

8b           0-13 



0-13 

Sb 

0-26 

Ag        42-52 

4'2-46 

42-49 

Ag 

49-51 

Cu           9-21 

915 

9-18 

Cu 

12-92 

Zn           2-23 

2-27 

2-25 

Zn 

2-45 

Pb         20-84 

20-82 

20-83     = 

galena, 

PbS  24-05  Pb 

10-58     =  PbS     12  22 

FeCO,    2-57 

2-57 

2-571 

FeCO, 

,;:tn 

MnCO,   0-98 

1  07 

1-08  1 

4-13  ^°^^ 

CaCO,    0-20 



0-20  f 

Insol.     0-32 

•34 

0-33  J 
99-31 

Impurity 

28-18 

99  83    Impurity  12*8i 

The  above  analyses  do  not  agree,  nor  in  their  present  form 
can  they  be  referred  to  any  known  species,  but  after  deducting 
28-18  per  cent  of  impurities  from  the  first  and  12'81  from  the 
second,  and  recalculating  to  one  hundred  the  results  are  as 
follows : 


Massive  mineral. 

Crystals  from  siderite 

Theoretical  composition  whera 

Sp.gr. 

corrected  =5  94 

AgarCua 

Za= 

=263:117 

43 

s 

17-73 

1813 

Ratio 

18-13 

As 

6-29 

7-01- 

M60 

=  •0467 

I  -0479 

7'OS 

Sb 

0-18 

0-30- 

T-244 

=  •0012 

Ag 

69-73 

56-90- 

4-216 

=   -263 

) 

67-07 

Cu 

12-91 

14-86' 

M26-8 

=   -117 

^•423 

14-91 

Zn 

3-16 

2-81- 

T-  65 

=   -043 

) 

2-81 

100-00         100-00  10000 

The  analyses  are  now  similar  and  in  the  second,  which  was 
made  on  the  purest  material,  the  ratio  of  (Agj+CUj-hZn) : 
(As,+Sb,)=-423:-0479  or  9-00:1*02,  almost  exactly  that  re- 
quired by  the  formula  QAg^S,  As^S,.  As  is  always  the  case 
with  this  mineral,  a  rather  large  proportion  of  the  Ag,  has  been 
replaced  by  Cu,  and  some  by  Zn.  The  analyses  are  also 
interestinff  as  showing  that  this  mineral  is  a  nearly  pure  arsen- 
ical polybasite.  H.  Rose*  gives  one  analysis  of  a  variety 
from  Chemnitz  in  Saxony,  which  agrees  with  ours  in  contain- 
ing only  a  trace  of  antimony ;  with  this  exception,  in  all  of  the 
analyses  which  have  been  published,  antimony  predominates. 
Although  polybasite  has  been  known  to  occur  in  the  United 
States,  the  only  published  analysis  is  one  by  F.  A.  Genth.t  of 
a  crystal  from  the  Terrible  Lode,  in  Clear  Creek  Co.,  Colorado. 

*Pogg.  Annalea,  xxviii,  1833,  p.  156. 

f  Proc.  A  me.'-  Phil.  Society,  xxiii,  1 886,  p.  39. 

Am.  Joub.  Sol— Third  Series,  Vol.  XLIV,  No.  269.— July,  1892. 
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Tennantite  or  arsenical  tetrahedrite.      "  Gray  copper  ^^  in  part  of 

the  miners. 

Among  the  specimens  of  massive  poljbasite,  just  described, 
there  were  a  few  which  contained  patches  of  a  steel  gray  min- 
eral, diflfering  only  slightly  in  color  from  the  blacker  polybasite, 
No  crystals  were  observed  and  it  was  necessary  to  pick  very 
carefully,  in  order  to  secure  sufficient  pure  material  for  the 
following  analysis.  The  mineral  gave  a  reddish  streak,  only  a 
little  darker  in  color  than  that  of  Taematite.  The  analysis  by 
Penfield  is  as  follows  : 

Theoretical  oomposition 
Specific  gravity,  4*56  where  Cua :  Aga :  Zn=282 :  «3 :  106 

S  25-04  26-66 

As  17-18-M60  =:-1145    )                                    17-18 

Sb  0-134-244  =-0005    f   ^  *^ 

Ou  35-72-j-126-8=   '282  \  36*29 

Ag  13-65-J-216  =   -063    |                                     13-86 

Zn  6-90-=-  65  =   -106    )^ -463                             7-01 

Fe  0-42-j-  56  =   -008   I 

Pb  0-86-J-207  —   -004  J 


99-90  100-00 

The  ratio  of  the  metals  to  (As,+Sb,)=-463: -115  or  4-00: 
0*99,  almost  exactly  that  required  by  the  formula  4Cu,S, 
As,S,.  A  part  of  the  Cii,  is  replaced  by  Ag,  and  Zn.  It  is 
not  certain  whether  the  small  quantities  of  Fe  and  Pb  are 
impurities  or  whether  they  belong  to  the  mineral.  The 
analysis  is  interesting  as  it  shows  an  unusually  high  percentage 
of  silver. 

Although  tennantite  has  been  known  to  occur  in  the  United 
States,  we  can  find  no  analyses,  and  very  little  mention  of  it 
in  scientific  literature. 

According  to  information  received  from  Dr.  Pearce,  and 
from  our  own  experience,  polybasite  and  tennantite  are  not 
rare  silver  ores  in  Colorado.  Polybasite  occurs  well  crystal- 
lized in  the  mines  about  Georgetown,  at  the  Yankee  Boy  mine 
near  Ouray,  in  the  Marshall  Basin  near  Telluride  and  probably 
at  a  number  of  mines  in  the  Red  Mountain  District.  Tennan- 
tite has  been  observed  well  crystallized  at  the  mines  about 
Central  City  and  at  the  Freeland  Lode  and  Crocett  Mine  near 
Idaho  Springs. 

Mineralogical  Laboratory  of  the  ShcfiBeld  Scientific  School, 
New  Haven,  Dec,  1891. 
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Art.  IIL — PosirLaramie  Deposits  of  Cdlorado ;  by  Whit- 
man Cross. 

[Published  by  the  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

Introductory, 

Among  questions  in  American  geology  which  have  given 
rise  to  prolonged  discussion  and  controversy,  few  if  any  have 
been  more  'prominent  than  that  as  to  the  age  of  the  great 
Laramie  Formation  or  Group  of  the  Rocky  Mountain  region. 
This  observation,  made  by  Mr.  Clarence  King  in  the  final 
report  of  the  Fortieth  Parallel  survey,  in  1878,  is  still  more 
true  to-day  than  it  was  at  that  time.  When  it  is  considered, 
however,  that  a  very  large  part  of  the  earlier  publications  were 
based  upon  mere  geological  reconnaissance,  and  that  the  area 
involvea  extends  across  the  United  States  in  its  most  inacces- 
sible and  least  known  portion,  from  Mexico  to  British 
America,  it  must  be  plain  that  controversies  and  misunder- 
standings were  unavoidable,  and  indeed  quite  natural. 

A  few  years  ago  it  seemed  to  many  geologists  that  the  Lar- 
amie question  was  practically  settled,  or  in  a  fair  way  to 
settlement  Bnt,  as  certain  areas  of  the  West  have  been  more 
carefully  explored,  the  question  has  been  in  a  measure  re- 
opened, but  with  a  change  in  its  phase,  so  that  it  is  not  now  so 
much  "  To  what  age  does  the  Laramie  belong  ?"  as  it  is 
*'  What  belongs  to  the  Laramie  ?"  For  the  newer  researches, 
whatever  their  direction,  all  tend  to  show  that  the  Laramie 
has  been  a  great  omnibus  division  into  which  has  been  cast 
everything  ascertained  to  lie  between  the  marine  Cretaceous 
and  the  lowest  recognized  Eocene  deposits,  together  with  a 
number  of  other  formations  whose  positions  were  not  deter- 
mined.  It  is  the  aim  of  this  paper  to  show  that  there  exists  at 
least  one  important  group  of  formations  which  have  been 
considered  as  belonging  to  the  Laramie,  but  which  are  very 
markedly  distinct  from  the  formation  to  which  that  name 
properly  belongs. 

As  far  as  the  writer  is  aware  the  first  definite  proof  that  a 
given  section  assigned  to  the  typical  Laramie  contained  mem- 
bers separated  by  important  unconformities  and  of  widely 
diflferent  llthological  character,  was  afforded  by  the  work  done 
in  the  vicinity  of  Denver,  by  the  Colorado  Division  of  the  U. 
S.  Geological  Survey,  in  charge  of  Mr.  S.  F.  Emmons.  A 
preliminary  account  of  these  researches  was  presented  to  the 
Colorado  Scientific  Society,  July  2,  1888,  in  articles  by  G.  H. 
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Eldridge  and  the  writer.*  In  this  Journal  for  April,  1889, 
the  second  of  these  articles  "  The  Denver  Tertiary  Forma- 
tion," was  published  in  revised  form.  During  the  last  three 
years  further  discoveries  bearing  upon  this  question  have  been 
made  in  various  fields  by  several  observers,  and  it  is  desired  to 
present  here  a  connected  statement  of  these  new  facts,  together 
with  a  discussion  of  their  significance. 

Description  of  the  Deposits. 

Denver  and  Arapahoe  Formations, — In  the  detailed  exam- 
ination of  the  Denver  region  above  mentioned,  it  was  found 
that  the  continuous  so-called  '^  Laramie  "  section  exposed  near 
Golden  consisted  of  three  divisions  >  1°,  a  lower  member,  700 
-800  feet  thick,  conformable  with  the  Fox  Hills,  containing 
productive  coal  measures  and  a  flora  and  fauna  characteristic 
of  the  Laramie  as  commonlv  known ;  2°,  a  middle  member, 
800  feet  thick,  unconformable  with  the  lower  member,  char- 
acterized by  a  conglomerate  which  carries  pebbles  recognized 
as  coming  from  the  Laramie,  Fox  Hills,  Niobrara,  Benton,  and 
Dakota,  Cretaceous,  the  Jura,  the  Trias,  and  the  Carbonifer- 
ous ;  3°,  an  upper  member,  1400  feet  thick,  unconformable 
with  the  middle  member,  and  characterized  lithologically  as 
composed  very  largely  of  debris  of  andesitic  lavas,"^none  of 
which  appeared  in  the  preceding  deposits.  To  the  middle 
member  of  this  series  Mr.  Eldridge  gave  the  name  "The 
Arapahoe  Beds ; "  to  the  upper  member  was  assigned  the  name 
"The  Denver  Beds."  it  was  found  that  the  celebiated 
fossil-leaf  horizon  of  Table  Mountain,  at  Golden,  belonged  to 
the  Denver  beds  and  consequently  that  the  "  Laramie  "  flora 
of  Golden,  described  by  Lesquereux  and  Ward,  belonged  to 
two  distinguishable  horizons,  and  chiefly  to  the  upper  one. 
The  Arapahoe  and  Denver  beds  were  found  to  contain  a  ver- 
tebrate fauna  not  known  in  the  coal  measures  below,  and  to 
this  point  reference  will  be  made  in  a  later  section  of  this 
article. 

The  stratigraphical  and  lithological  evidence  above  summa- 
rized indicated  clearly  that  the  Arapahoe  and  Denver  beds 
were  separated  from  the  Laramie  below  by  a  long  period  of 
very  important  orographic  disturbances,  as  attested  by  the 
pebbles  in  the  Arapahoe  conglomerate.  As  the  fossil  flora  and 
fauna  of  the  formations  did  not  seem  to  be  necessarily  opposed, 
the  two  formations  in  question  were  referred  in  the  publica- 
tions cited  to  the  early  Eocene,  and  probably  to  a  horizon 

*  On  some  stratigraphical  and  structural  feahires  of  the  country  about  Denver, 
Colorado;  by  George  H.  Eldridge.  Tlie  Denver  Tertiary  Formation;  by  Whit- 
man Cross.     Proc.  Col.  Sci.  Soc,  vol.  iii,  part  I,  pp.  86-133. 
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below  any  other  recognized  member  of  that  division.  Having 
thus  briefly  restated  the  stratigraphical  evidence  of  the  forma- 
tions near  Denver  the  developments  of  the  last  three  years  in 
other  districts  will  be  reviewed. 

Huerfano  Series. — ^In  the  Huerfano  bajsin  in  southern  Col- 
orado Mr.  E.  C.  Hills  has  discovered  and  described  *  a  series 
of  strata  7,100  feet  in  thickness  which  he  refers  to  the  Eocene, 
because  their  lower  member  is  decidedly  unconformable  with 
the  underlying  well-known  coal-bearing  Laramie  of  southern 
Colorado,  and  oecause  the  upper  division  contains  mammalian 
remains  of  the  Bridger  Eocene.  For  the  whole  series  Mr. 
Hills  submits  the  following  scheme  of  division  : 

i  Huerfano  beds,  3,300  feet=Bridger  Group. 
Huerfano  Series  \  Cuchara  beds,  300  feet  )  t  ^  ,^    i?^ 

(Eocene)        /  Poison  Canon  beds,  3,500  feet  C  ^""^^^  ^''^^"^• 

Great  angular  unconformity  exists  between  the  Laramie  and 
the  Poison  Cafion  beds,  but  none  has  been  detected  between 
the  designated  members  of  the  new  series.  The  Poison  Cafion 
and  Cuchara  beds  are  at  present  separated  from  each  other  and 
from  the  Huerfano  beds  on  lithological  grounds  only,  the 
former  consisting  of  ^'  soft  sandstones  and  fine  conglomerates 
of  a  yellowish  tmt,  with  occasional  bands  of  yellow  clay  or 
marl,"  while  the  latter  is  a  well  defined  horizon  of  "  pink  and 
white  massive  sandstones."  The  Huerfano  beds  consist  of 
*'  marls,  clays,  soft  shales  and  sands,  of  red,  gray,  yellow,  green 
and  purple  colors,  red  predominating."  In  these  have  been 
found  remains  of  TiUotherium^  Hyrachyus^  Glyptosaurus^ 
Palceosyops^  and  other  forms  which  seem  to  correlate  the 
strata  containing  them  with  the  Bridger  Eocene.  This  dis- 
covery of  Eocene  deposits,  containing  a  well-marked  mam- 
malian fauna,  on  the  eastern  slope  of  the  Kocky  Mountains  is 
certainly  significant.  And  it  is  highly  probable,  as  pointed 
out  by  Mr.  Hills,  that  the  Cuchara  and  Poison  Cafion  beds  are 
contemporary  with  some  of  the  other  post-Laramie  formations 
to  be  mentioned. 

Gunnison  County. — A  fund  of  new  observations  bearing 
upon  the  present  question  is  to  be  found  in  the  address  of  Mr. 
R.  C.  Hills  as  retiring  President  of  the  Colorado  Scientific 
Society,  delivered  December  15,  1890,  but  only  very  recently 
published.f     In  that  portion  of  this  address  treating  of  the 

*  The  recently  discovered  Tertiary  beds  of  the  Huerfano  river  basin,  Colorado 
(with  map);  Proc.Ool.  Scientific  Society,  vol.  iii,  part  I.  pp.  148-164,  1888. 

Additional  notes  on  the  Huerfano  beds;  ibid,  vol.  iii,  part  11.  pp.  217-223,  1889. 

Remarks  on  the  classification  of  the  Iluerfano  Eocene.  Read  before  the  Col. 
Sci.  Soc ,  Feb.  2,  1891.     Not  yet  published  in  full. 

f  Orographic  and  structural  features  of  Rocky  Mountain  geology.  Proc.  Col. 
Sci.  Soc,  vol.  iii,  part  III,  pp.  359-458.  1891. 
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period  between  the  marine  Cretaeeons  and  the  Wasatch 
Eocene,  Mr.  Hills  gives  mnch  important  original  information 
concerning  the  Laramie  and  various  post-Laramie  formations. 

The  first  one  of  these  later  deposits  to  be  mentioned  occurs 
in  western  Colorado  on  the  western  slope  of  the  Elk  Moun- 
tains. Its  southern  limit,  as  now  known,  is  about  Irwin,  a  few 
miles  to  the  westward  of  Crested  Butte  in  Gunnison  County. 
It  rests  upon  the  normal  Laramie  carrying  anthracite  coal  beds 
on  the  northern  slopes  of  the  Anthracite  range,  occupies  a 
considerable  area  at  the  head  of  Anthracite  creek,  and  thence 
extends  northward  for  80  miles  to  Grand  river.  The  develop- 
ment on  Anthracite  creek  comes  within  a  district  which  has 
been  examined  in  detail  by  the  Colorado  division  of  the  U.  S, 
Geological  Survey.  In  the  course  of  this  work  the  provisional 
name  of  the  ''  Ruby  beds "  was  assigned  to  these  strata  on 
account  of  their  prominent  development  in  Euby  Peak,  near 
Irwin,  where  their  thickness  exceeas  2,000  feet,  and  this  name 
is  used  by  Mr.  Hills  in  his  address  in  referring  to  them. 

In  the  Irwin  region  the  Laramie  strata  have  a  thickness  of 
about  1500  feet.  They  are  succeeded  by  2000  feet  of  con- 
glomerates, sands  and  shales,  composed  almost  entirely  of  the 
debris  of  volcanic  rocks  of  andesitic  character,  here  much 
hardened  and  metamorphosed  by  later  eruptive  rocks  which 
pierce  them  in  numerous  dikes.  The  basal  member  of  the 
series  is  a  conglomerate  of  small  pebbles,  which  is  usually 
uncomformable  on  a  small  scale  with  the  Laramie,  and  also 
exhibits  a  great  variability  in  constitution.  In  some  places  it 
consists  entirely  of  andesitic  pebbles,  in  others,  of  a  mixture  of 
such  material  with  white,  black  or  reddish  chert  pebbles,  some 
of  which  show  cavities  representing  crinoid  stems.  Again, 
the  lower  part  of  the  conglomerate  may  be  free  from  andesitic 
pebbles. 

To  the  northward  of  the  Irwin  region  Mr.  Hills  has  traced 
out  the  Ruby  beds,  with  a  decreasing  thickness  reaching  a 
minimum  of  300  feet  near  the  northern  limit  on  Grand  river. 
Concerning  their  development  at  this  point  Mr.  Hills  says : 
"  South  of  the  Great  Hogback  at  Coal  ridge,  there  is  an  abrupt 
change  in  the  composition  of  the  sediments  previously  re- 
garded as  Laramie.  The  firm  gray  sandstones  of  the  coal 
measures  are  there  succeeded  by  about  200  feet  of  soft  white 
sandstones  and  yellow  clays,  followed  by  about  300  feet  of 
tufaceous  strata,  more  or  less  conglomeritic  and  usually  loosely 
aggregated,  but  resting  on  a  hard,  coarse  basal  conglomerate 
about  40  feet  thick  made  up  wholly  of  eruptive  debris.  The 
tufaceous  beds  are  in  turn  succeeded  by  600  feet  or  more  of 
shales  and  soft  brownish  sandstones  which  may  be  in  part  of 
Wasatch  age."  * 

»0p.  cit.,p.  390. 
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On  Ohio  ci*eek,  but  a  few  miles  beyond  the  southern  limit 
of  the  Euby  beds,  there  are  two  small  isolated  patches  of  loose 
friable  sandstones,  grits,  and  fine  conglomerates,  i*esting  on  the 
coal-measures  of  the  Laramie,  and  seemingly  in  small  basins  of 
erosion.  Owin^  to  the  disturbances  caused  by  adjacent  lacco- 
lites  it  is  impossible  to  see  the  relationship  of  the  formations 
clearly.  The  chert  pebbles  of  these  beds  contain  crinoid  stems 
and  other  apparently  Carboniferous  fossils,  and  are  identical 
in  character  with  those  already  mentioned  as  frequently  found 
in  the  basal  conglomerate  of  the  Kuby  beds  near  Irwin.  These 
facts  suggest  that  the  chert  pebbles  of  the  Euby  conglomerate 
may  be  the  residuum  from  the  destruction  of  Ohio  creek  beds 
formerly  existing  to  the  north  of  the  Anthracite  range.  Mr. 
Hills  does  not  mention  such  pebbles  in  the  section  near  Coal 
ridge  above  described,  but  he  does  suggest  a  possible  correla- 
tion between  the  Ohio  creek  beds  and  the  soft  yellowish  sand- 
stones found  at  the  north  between  the  '^  firm  gray  sandstones 
of  the  coal-measures  "  and  the  Euby  conglomerate.  He  also 
thinks  that  the  Carboniferous  chert  pebbles  of  the  Ohio  creek 
beds  indicate  a  postLaramie  erosion  of  the  entire  Cretaceous 
section,  exposing  Carboniferous  strata.  Whether  this  hypoth- 
esis be  established  or  not  it  is  true  that  snch  materials  are  not 
seen  in  the  Cretaceous  beds  above  the  Dakota  conglomerate, 
and  it  is  not  known  to  the  writer  that  they  have  been  found 
at  that  horizon  in  this  region,  though  not  uncommon  along 
the  Front  range  and  in  Middle  Park. 

Mr.  Hills  has  found  that  on  Grand  river  the  Euby  beds  lie 
between  the  Wasatch  and  the  Laramie.  The  lithological  and 
stratigraphical  evidence  given  there  distinctly  suggests  that 
the  Kuby  beds  may  be  the  equivjdent  of  the  Denver  forma- 
tion, and  less  decidedly  that  the  Ohio  creek  beds  may  possibly 
represent  the  Arapahoe  formation.  No  fossils  excepting  car- 
bonized plant  stems  have  been  found  in  the  two  new  forma- 
tions. The  writer  does  not  place  much  weight  on  the  mere 
coincidence  in  eruptive  character  of  the  materials  in  the  Euby 
and  Denver  beds,  beyond  the  marked  fact  which  seems  to  be 
developing  from  experience  that  a  number  of  formations  of 
apparently  the  same  stratigraphical  position  are  thus  charac- 
terized. It  may  finally  come  to  be  a  criterion  of  considerable 
value. 

Tampa  River. — In  northwestern  Colorado  on  the  Yampa 
river  Mr.  Hills  finds  reason  to  believe  that  there  is  a  distinct 
formation  between  the  Laramie  proper  and  the  Wasatch,  but 
is  at  present  able  to  give  no  positive  evidence  for  this  view 
except  that  the  normal  series  of  the  Laramie  has  above  it  a 
fprmation  "  of  soft  sandy  strata  with  some  shales  and  clays  " 
containing   impure    lignitic  beds,  and  of    general  different 
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physical  appearance  from  the  beds  of  the  Laramie.     Above 
these  are  unquestioned  Wasatch  beds.* 

South  Park, — Near  Como  in  South  Park,  Colorado,  Mr. 
Hills  has  found  a  very  remarkable  formation  which  will  be 
best  described  in  his  own  language:  '*  While  recently  en- 
gaged in  the  examination  of  the  small  Laramie  area  in  the 
South  Park  basin,  I  there  observed  unquestionable  evidence 
of  a  former  grand  eruption,  of  a  character  not  previously  noted 
in  that  part  of  Colorado.  The  evidence  consists  in  the  occur- 
rence of  thick  sheets  of  eruptive  conglomerate,  intruded 
partly  into  the  marine  Cretaceous  and  partly  into  the  Laramie, 
to  some  extent  above  the  workable  coal.  These  sheets  are 
continuous  from  Mine  No.  5  near  Como  to  the  southern  limit 
of  the  Laramie  beds,  a  distance  of  fully  fifteen  miles,  beyond 
which  I  did  not  trace  the  exposures.  About  three  miles  south 
of  Mine  No.  5,  the  intrusions  above  and  below  the  coal  beds 
coalesce  and  form  a  body  of  conglomerate  several  hundred 
feet  thick  completely  cutting  out  the  workable  measures  for 
nearly  a  mile.  The  material  consists  of  rounded  pebbles  and 
bowlders  of  andesite  embedded  in  a  matrix  of  finer  material 
of  similar  composition."  ..."  The  material  itself  may  be  re- 
garded as  the  product  of  intense  dyjiamic  movement,  probably 
brought  to  the  surface  as  a  hot  conglomeritic  mud,  or  in  a 
condition  to  produce  an  explosive  eruption,  whenever,  owing 
to  diminished  pressure,  the  contained  water  flashed  into 
steam."  .  .  .  "  The  material  then  thrown  out  and  scattered  over 
the  surface  would  be  in  a  condition  to  be  transported  in  large 
quantities  to  the  nearest  area  of  sedimentation — the  Denver 
basin — and  presumably  at  the  very  time  when  the  Denver  beds 
were  laid  down."  f 

It  seems  to  the  writer  that  the  character  ascribed  to  the 
South  Park  eruption  is  so  novel  and  its  extent  so  far  a  matter 
of  speculation  that  it  can  at  present  hardly  enter  as  an 
important  factor  into  the  question  as  to  the  origin  of  the 
eruptive  materials  of  the  Denver  beds.  The  facts  concerning 
the  constitution  of  *  the  Denver  beds  given  in  the  original 
article  do  not  allow  of  the  adoption  of  Mr.  Hills'  suggestion. 
They  demand  a  source  near  at  hand  and  one  whose  location 
shall  explain  why  eruptive  material  practically  excludes 
Archaean  material  in  fine,  slowly  deposited  sediments,  close  to 
an  Archaean  shore-line. 

Carion  City, — In  his  address  Mr.  Hills  refers  to  remnants 
of  a  formation  near  Cation  City  which  seems  related  to  the 
Denver  formation.  Through  his  kindness  in  personally  com- 
municating the  news  of  his  discovery,  my  colleague,  Mr.  6.  H. 
Eldridge,  was   enabled  in  the  season  of   1890  to  hurriedly 

*0p.  cit,  p.  389.  +  Op.  cit.,  pp.  393,  394. 
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examine  the  region,  in  connection  with  other  field  work,  and 
kindly  allows  me  to  state  the  resnlts.  At  Windy  Gap,  a  few 
miles  east  of  south  from  Cafion  City,  Mr!  Eldridge  found  the 
normal  section  of  the  Laramie  sandstones  very  steeply  up- 
turned, resting  on  Montana  shales,  while  above  them  came  a 
heavy  conglomerate  composed  mainly  of  Archaean  debris,  but 
containing  in  addition  pebbles  recognized  as  belonging  to 
various  older  sedimentary  horizon?,  such  as  the  Niobrara  and 
Dakota  Cretaceous,  and  the  Jura.  These  conglomerates  are 
also  upturned,  but,  probably  because  they  come  directly  in  the 
fold,  they  are  less  steeply  inclined  than  the  Laramie.  Angu- 
lar unconformity  with  the  Laramie  was  not  determined. 
Separated  from  the  conglomerate  by  a  gap  of  500  feet,  in 
which  there  are  no  outcrops,  are  horizontal  beds  of  conglom- 
erate consisting  of  andesitic  pebbles.  As  the  fold  is  plainly 
abrupt,  this  position  is  not  evidence  of  angular  unconformity. 

Mr.  Eldriage  did  not  have  time  to  trace  out  either  of  these 
formations,  which,  though  apparently  remnants  at  the  place 
observed,  are  probably  represented  elsewhere  in  the  immediate 
vicinity.  The  fact  was  established,  however,  that  two  forma- 
tions corresponding  in  stratigraphical  position  and  lithological 
character  to  the  Arapahoe  and  benver  beds  exist  near  Caflon 
City. 

Animas  River, — Through  the  courtesy  of  Dr.  C.  A.  White 
and  his  assistant,  Mr.  T.  W.  Stanton,  I  am  enabled  to  state 
that  the  latter  has  recently  found  the  formation  crossing  the 
Animas  Eiver  about  five  miles  south  of  Durango,  Colorado, 
which  is  represented  as  Laramie  upon  the  Hayden  map,  to 
consist  of  conglomerates,  sandstones  and  shales,  whose  material 
is  of  andesitic  rocks,  as  far  as  shown  by  the  specimens  col- 
lected. By  referring  to  the  Hayden  atlas  of  Colorado,  sheet 
15,  it  will  be  seen  that  the  coal-measures  of  this  region  were 
there  referred  to  the  Fox  Hills,  though  their  identity  with  the 
normal  Laramie  measures  elsewhere  in  Colorado  is  at  present 
probably  unquestioned  by  any  one. 

On  the  western  bank  of  the  Animas  River  Mr.  Stanton 
found  a  bed  of  conglomerate  about  200  feet  thick  resting  upon 
the  coal-measures  with  apparent  conformity.  The  specimens 
of  this  conglomerate  collected  by  him  are  purplish  or  yellow- 
ish brown  in  color,  the  pebbles  are  of  hornblende-  or  pyroxene- 
andesite,  and  the  matrix  is  a  gravel  of  the  same  character. 
Above  the  conglomerate  are  brown  sandstones,  very  similar  to 
the  Denver  sandstones  of  Table  Mountain,  and  in  one  stratum 
some  fossil  leaves  were  found.  The  only  identifiable  species 
collected  has  been  determined  by  Mr.  F.  H.  Knowlton  as 
Magnolia  tenui7iervis  Lx.  The  specimen  first  described  by 
Lesquereux  came  from  the  Denver  beds  of  Table  Mountain. 
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Since  then  the  speciee  has  been  repeatedly  collected  from  the 
same  beds  and  has  also  been  detected  at  Black  Butte,  Wyom- 
ing. 

That  portion  of  the  Hay  den  map  representing  the  area  to 
the  westward  from  the  Animas  River  is  based  upon  the  work 
of  Mr.  W.  H.  Holmes,  In  describing  the  series  called  the 
Laramie,  to  which  the  strata  observed  by  Mr.  Stanton  evi- 
dently belong,  Mr.  Holmes  usually  refers  to  them  as  composed 
of  brown  sandstones,  shales,  and  dark  colored  clays.  In  the 
section  on  the  La  Plata  Eiver*  he  assigns  a  thickness  of  800 
feet  to  the  "Puerco  marls"  of  Piflon  mesa  which  overlie 
them,  and  1120  feet  to  the  coal-measure  rocks  below,  which 
are  called  Fox  Hills.  Through  the  kindness  of  Mr.  Holmes  I 
have  been  allowed  to  examine  his  original  field  notes  in  this 
area,  and  find  that  the  general  resemblance  of  these  "  Lara- 
mie" strata  to  those  at  Table  Mountain  near  Golden  was 
recorded.  There  is,  however,  no  definite  evidence  in  these 
notes  to  confirm  the  generalization  suggested  by  Mr.  Stanton's 
observations  that  the  strata  between  the  ''  Puerco  marls"  and 
the  coal-measures,  west  of  the  Animas  River,  are  equivalents 
of  the  Denver  beds,  although  the  strata  noted  by  him  cer- 
tainly occur  in  that  part  of  the  section. 

In  an  article  entitled :  "  The  relations  of  the  Puerco  and 
Laramie  deposits  "f  Professor  E.  D.  Cope  states  that  ac- 
cording to  the  observations  of  Mr.  David  Baldwin  "the 
Laramie  beds  succeed  [the  Puerco]  downward,  conformably 
it  is  thought  by  Mr.  Baldwin ;  and  have  a  thickness  of  2,000 
feet  at  Animas'^City,  New  Mexico.  [?]  They  rest  on  Fox  Hills 
marine  Cretaceous  of  less  thickness.  A  few  fossils  sent  from 
time  to  time  by  Mr.  Baldwin  identify  the  Laramie.  This  is 
especially  done  by  the  teeth  of  the  dinosaurian  genus  Dys- 
ganus  Cope,  which  is  restricted  to  the  Laramie  formation 
everywhere.  Also  by  the  presence  of  the  genera  Lcdaps  and 
Diclonius^  which  in  like  manner  do  not  extend  upward  into 
the  Puerco  beds.  The  Lcdaps  is  principally  represented  by 
teeth,  which  resemble  those  of  the  Z.  incrassatics  Cope,  more 
than  those  of  any  other  species  .  .  .  ."  "  The  J^ysganus 
agrees  with  the  />.  encavsius  Cope,  which,  with  the  Lcelaps 
incrassahcs,  was  described  from  specimens  from  the  Upper 
Missouri." 

In  recent  "Notes  on  the  Dinosauria  of  the  Laramie":): 
Professor  Cope  describes  a  new  Dinosaur,  Pteropelyx  "  found 
near  Cow  Island,  Montana,  on  the  Upper  Missouri,  in  1876." 
"  The  genus    Ptei^opelyx    displays    characters    between   the 

♦  Ninth  Ann.  Rep.  U.  S.  G.  A  G.  S.  1875,  p.  248. 
t  Amencan  Naturalist,  vol  xix,  p.  985,  1 885. 
X  American  Naturalist,  vol.  zxiii,  p.  904,  1889. 
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Hadrosanridse  and  AgathaumidsB "  (=?  Ceratopidse,  Marsh). 
He  then  remarks  that  it  is  to  be  compared  with  Dysganus. 
Now  the  original  descriptions  of  the  genera  Dysganus  and 
Diclonius  and  of  the  species  Lcdaps  incrassatus  are  in  an 
article  entitled :  "  Descriptions  of  some  vertebrate  remains 
from  the  Fort  Union  beds  of  Montana,"*  without  any  further 
statement  in  the  text  as  to  the  geographical  or  geological  posi- 
tion of  the  occurrence.  The  new  dinosaurian  genus  Monoclo- 
nius  was  also  described  in  this  article.  Monocloniiis  is  now 
regarded  as  belongingto  the  horned  Dinosaurs,  and  four  species 
have  been  named  by  rrofessor  Cope,t  from  Montana.  One  of 
these,  M,  sphenocents,  came  from  near  Cow  Island,  on  the 
Missouri,  while  another,  Jf.  recurvicornis,  came  from  the 
"Judith  River  beds"  on  the  north  side  of  the  Missouri  River 
nearly  opposite  the  mouth  of  Dog  Creek.  This  last  informa- 
tion is  found  in  Professor  Cope's  report  of  the  expedition 
during  which  all  of  these  Dinosaurs  appear  to  have  been  col- 
lected.:!: 

From  the  casual  statements  of  localities  and  horizons  above 
recapitulated  it  appears  that  somewhere  in  the  2000  feet  of 
strata  assijpied  by  Professor  Cope  to  the  Laramie  on  the 
Animas  River  several  species  of  Dinosaurs  have  been  found, 
and  that  they  most  resemble  a  fauna  collected  in  "  Fort  Union  " 
beds  near  Cow  Island,  on  the  Upper  Missouri  River,  in  Mon- 
tana, a  locality  which  has  furnished  at  least  one  species  of  the 
CeratopsidflB.  It  is  worthy  of  note  that  the  so-called  '*  Lara- 
mie" section  below  the  Puerco  on  the  Animas  River  contains 
strata  resembling  the  Denver  beds,  and  also  Dinosaurian  re- 
mains of  types  resembling,  or  associated  in  Montana  with,  the 
CeratopsidsB.  Whether  the  Dinosaurs  occur  in  the  Denver- 
like beds  remains  to  be  proven.  It  is  certainly  of  importance 
to  discover  the  character  of  the  vertebrate  fauna  in  beds 
thought  to  occur  conformably  below  the  Puerco. 

Middle  Park. — The  Hayden  atlas  of  Colorado  represents  a 
large  continuous  area  of  Laramie  beds  in  Middle  and  North 
Parks,  a  representation  based  very  largely  upon  the  work  of 
the  late  A.  R.  Marvine,  during  the  seasons  of  1873  and  1874. 
In  the  annual  report  for  the  former  year  Marvine  describes  in 
considerable  detail  the  region  of  Middle  Park,  but  this  able 
and  lamented  geologist  died  before  the  notes  of  the  next  sea- 
son's work  could  be  put  in  shape  for  publication,  and  the  data 
he  then  collected  are  practically  lost  to  science.  No  publica- 
tion of  importance  concerning  the  supposed  Laramie  beds  of 
Middle  ParK  has  appeared  since  Marvine's  report. 

*Proc.  Acad.  Nat.  Sci.  Phil.,  vol.  xxviii,  p.  248,  1876. 

+  "The  Horned  Dinosauria  of  the  Laramie,"  Am.  Naturalist,  vol.  xxiii,  p.  715. 

i  Bulletin,  U.  S.  G.  A;  G.  3.,  vol.  iii,  p.  5G5,  1877. 
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In  his  report  on  Middle  Park  Marvine  describes  very  clearly 
the  excellent  section  of  the  Cretaceons  formations  exposed  in 
a  synclinal  basin  cut  across  by  the  Grand  River  for  eight 
miles  above  Hot  Sulphur  Springs.  He  also  gives  detailed 
maps,  and  sketches  from  the  master  hand  of  W.  H.  Holmes. 
He  well  understood  the  importance  of  the  locality  from  the 
standpoint  aflForded  by  his  interpretation  of  the  stratigraphy, 
and  since  1873  the  "Laramie ''  of  Middle  Park  has  been  cited 
as  probably  the  only  decided  instance  of  great  unconformity 
between  this  formation  and  the  lower  Cretaceous  horizons. 

To  summarize  Marvine's  description  of  the  Grand  River 
section,  he  found  the  Cretaceous,  from  the  Dakota  to  the  Fox 
Hills,  inclusive,  exposed  on  both  sides  of  the  syncline  men- 
tioned. Then  comes  a  formation  occupying  the  center  of  the 
shallow  syncline,  which  is  described  as  follows  :*  "Above  the 
Cretaceous  No.  5,  the  next  youngest  rock  is  a  local  occurrence 
of  volcanic  doleritic  material,  consisting  partially  of  subaque- 
ous-arranged material — dolerite,  tuflE,  and  breccia — and  partially 
as  accompanying  lava-flows ;  in  all,  reaching  a  maximum  thick- 
ness of  800  or  900  feet."  This  formation  is  thereafter  usually 
designated  as  "  Doleritic  breccia."  "  Resting  upon  the  latter 
[the  breccia]  when  it  occurs,  but  elsewhere  upon  Cretaceous 
No.  5,  and  apparently  conformable  with  the  latter,  except  at 
one  point  where  there  is  a  decided  unconformability,  is  a  series 
of  beds  which  reach  a  thickness  of  about  5500  feet."  .... 
"  They  are  composed  in  part  of  sandy  shales,  in  places  more 
or  less  argillaceous  and  quite  soft,  spaced  rather  regularly  with 
more  prominent  and  characteristic  horizons  of  coarse  sand- 
stones, which  are  often  inclined  to  grits  and  fine  conglomerates. 
The  textnre  of  the  latter  is  usually  open  and  not  firmly  com- 
pacted, while  the  material  of  which  they  are  composed  is 
characteristically  the  debris  of  the  Archaean  rocks  of  the  moun- 
tains, granitic  debris  prevailing."  .  .  .  *' Impressions  of  decid- 
uous leaves  are  quite  numerous  at  favorable  localities  and  small 
isolated  patches,  and  one  or  two  thin  seams  of  carbonaceous 
material  were  also  observed.  No  other  fossils  were  observed 
in  these  beds.  It  has  been  strongly  affected  by  the  last  great 
folding  accompanying  the  formation  of  the  Rocky  Mountains, 
portions  of  it  being  abruptly  upturned,  together  with  the 
underlying  sedimentary  rocks.  In  position  and  character, 
therefore,  this  group  of  beds  appears  to  b^  the  equivalent  of 
the  lignitic  group  east  of  the  mountains." 

To  the  westward  of  this  syncline,  in  which  the  formations 
are  apparently  conformable,  Marvine  found  that  the  "  lignitic 
beds  "  above  the  "  breccia  "  in  fact  overlap  the  latter  ana  rest 
successivAy  on  the  inclined  strata  of  the  entire  Cretaceous 

*  Seventh  Ann.  Rep.  U.  S.  G.  and  G.  S.,  pp.  156,  157.     1874. 
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section,  the  Jura,  and  the  Archaean,  This  was  clear  in  the 
horizontal  position  of  the  "  lignitic  "  strata  of  Mt.  Bross  which 
rest  upon  upturned  Dakota  and  Ft.  Benton  strata,  and  of  the 
ridge  south  of  Hot  Sulphur  Springs.  The  relationships  are 
expressed  in  the  Hayden  atlas  and  in  the  large  scale  maps 
accompanying  Marvine's  report,  to  which  the  reader  must  be 
referred  for  details.  The  ''thin  seams  of  carbonaceous 
material "  mentioned  by  Marvine  became  coal  beds  in  subse- 
quent writings  of  other  geologists,  and  the  fossil  plants  said 
to  have  been  collected  here  were  identified  by  the  paleobotan- 
iets  as  "  Laramie,"  excepting  a  few  which  are  described  by 
Lesquereux  without  explanatory  comment  as  coming  from  the 
Green  Eiver  Eocene.  The  plainly  provisional  correlation  of 
these  beds  with  the  coal- measure  horizon  east  of  the  moun- 
tains by  Marvine  has  not  been  questioned  until  recently. 

It  is  evident  to  any  one  intimately  acquainted  with  the  Lar- 
amie proper  that  the  description  and  statements  of  Marvine 
do  not  establish  a  satisfactory  correlation  between  the  Middle 
Park  "  lignitic  "  beds  and  the  Laramie.  In  the  light  of  the 
investigations  of  the  Denver  region  the  unconformity  noted 
by  Marvine  and  the  thick  beds  of  eruptive  material  at  the  base 
of  the  series  suggested  a  different  correlation.  In  the  summer 
of  1889  Mr.  George  L.  Cannon,  Jr.,  of  Denver,  a  geologist 
well  acquainted  wiUi  the  local  formations,  was  sent  into  Mid- 
dle Park  by  Mr.  Emmons  to  examine  the  so-called  "  lignitic 
formation  "  of  Marvine.  On  the  basis  of  Mr.  Cannon's  work 
it  has  already  been  stated  by  Mr.  Emmons  that  the  Middle 
Park  series  does  not  correspond  with  the  true  Laramie.^  In 
October,  1891,  the  writer  visited  Middle  Park,  extending  the 
observations  of  Mr.  Cannon  and  determining  still  further  the 
relationships  of  the  formation  in  question.  A  paper  giving 
the  results  of  these  examinations  is  in  process  of  preparation, 
but  the  main  features  may  be  here  summarized. 

The  statements  of  Marvine  as  to  the  unconformity  existing 
between  the  "  lignitic  "  beds  and  the  Cretaceous  section  are 
very  clearly  correct.  There  are  faults  not  noticed  by  him 
which  complicate  the  local  geology  very  much  but  they  cannot 
explain  the  transgression  of  the  newer  beds  across  the  entire 
Cretaceous  section  and  to  the  Archaean.  The  unconformity  is 
also  shown  by  an  examination  of  the  Cretaceous  horizon  upon 
which  the  "  doleritic  breccia "  rests  in  the  section  of  the 
"  breccia  spoon,"  the  syncline  above  mentioned.  It  is  evident 
that  no  strata  corresponding  to  the  Laramie  proper  now  exist 
in  this  section.  Marvine  refers  the  strata  below  the  "  breccia  " 
to  the  Fox  Hills,  but  gives  no  special  reason  for  the  assign- 

*  Orographic  Movements  in  the  Rocl^y  Mountains.  Bull.  G.  S.  A.,  vol,  i,  p. 
281,  1890. 
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ment  aside  from  the  general  stratigraphical  position.  Mr. 
Cannon,  however,  collected  a  number  of  fossil  shells  from  the 
shales  below  the  breccia  about  one  mile  east  of  Hot  Sulphur 
Springs,  and  on  the  south  side  of  Grand  river,  that  is,  on  the 
western  flank  of  the  "  breccia  spoon.'*  These  shells  were  sub- 
mitted to  Dr.  C.  A.  White  for  determination.  The  following 
species  were  found  at  15  feet  below  the- "  breccia : "  Pieria 
joarkensis  White,  Soaphites  nodosus  Owen,  sp.,  Ostrea  trans- 
tudda  M.  &  H.,  Leda  (Yoldta)  scitula  M.  &  H.,  Inoceramus 
cojivexus  M.  &  H.,  /  sagensis  O  ;ven,  Baotdites  ovatus  Say,  JS, 
oompressvs  Say  ?,  Placenticeras  placenta^  De  Kay,  sp.,  and 
Dr.  White  is  of  the  opinion  that  they  indicate  the  lower  or 
Ft.  Pierre  division  of  the  Montana  ratner  than  the  Fox  Hills. 

Marvine's  description  of  the  mechanical  constitution  of  the 
"  lignitic  "  series  is  generally  applicable  to  the  part  above  the 
"  doleritic  breccia,"  but  as  regards  the  character  of  the  mate- 
rials composing  both  parts  of  the  series  some  important  cor- 
rections are  to  be  made.  In  the  first  place  the  "  doleritic 
breccia"  was  unfortunately  named,  for  the  rocks  composing 
the  complex  are  andesites  as  far  as  examined,  and  the  entire 
mass  seems  to  be  a  water-arranged  deposit  containing  finely 
preserved  leaves  in  some  of  the  most  massive  parts.  The  beds 
are  very  irregular  in  thickness,  and  are  decidedly  thicker  on 
the  eastern  border  of  the  area  than  on  the  western. 

As  to  the  great  series  succeeding  the  dark  massive  beds,  Mar- 
vine  was  in  error  in  stating  that  they  consist  entirely  of 
Archsean  debris,  for  they  contain  andesitic  material  in  very 
variable  amount  for  more  than  2000  feet  above  the  dark  brec- 
cia, and  the  whole  series  is  evidently  one.  The  character  of 
the  eruptive  material  changes  somewhat  upward  in  the  series, 
lighter  colored  and  more  acid  rocks  prevailing.  Many  beds  in 
the  terraces  north  of  Grand  river  are  sandstones  or  grits  con- 
sisting of  quartz  and  feldspar  to  a  strongly  prominent  degree 
but  none  are  entirely  free  from  andesitic  fragments,  and  con- 
glomerates composed  very  largely  of  eruptive  material  often 
succeed  quartzose  sandstones.  The  strata  in  the  divide  be- 
tween Middle  and  North  Parks  belong  to  the  same  series, 
according  to  Marvine.  These  were  not  visited  by  the  writer, 
but  the  beds  shown  in  the  high  ridges  some  eight  miles  north 
of  Grand  river,  east  of  Whiteface  Mountain,  still  carry  a  large 
amount  of  pinkish  andesitic  material.  The  same  eruptive 
constituents  were  found  in  the  strata  of  Mt.  Bross,  and  of  the 
ridges  south  of  Hot  Sulphur  Springs  ;  in  fact,  no  beds  of  this 
complex  were  found  to  be  wholly  free  from  materials  of  this 
character. 

No  animal  remains  are  reported  from  the  series  by  Marvine, 
nor  were  any  found  by  either  Mr.   Cannon  or  the  present 
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writer.  Fossil  plants  are  quite  numerous  in  all  parts  of  the 
series.  Of  tbose  collected  by  the  members  of  the  Hayden 
survey  a  large  majority  came  from  Mt.  Bross,  and  a  few  from 
distant  localities  on  Willow  and  Troublesome  Creeks,  from 
strata  referred  to  the  same  ffeneral  horizon  by  Marvine.  This 
material  has  been  described  by  Lesquereux*  but  there  has  been 
such  a  serious  confusion  of  localities  in  also  assigning  a  num- 
ber of  other  fossil  plants  to  Middle  Park,  that  little  use  can  at 
present  be  made  of  these  identifications.  Collections  of  fossil 
plants  made  by  Mr.  Cannon  and  the  writer  in  various  horizons 
of  this  series  have  been  provisionally  identified  by  L.  F.  Ward 
and  F.  H.  Knowlton.  From  these  data  it  can  be  said  that  out 
of  about  36  well  defined  species  more  than  20  are  knbwn  in 
the  Denver  beds  of  Table  Mountain,  at  Golden,  a  closer  cor- 
respondence of  floras  than  is  shown  with  any  other  horizon. 
Until  the  investigation  of  the  Laramie  flora  now  in  progress 
has  been  completed  it  is  useless  to  enter  into  more  definite 
comparisons. 

The  so-called  Laramie  beds  of  Middle  Park  seem  from  the 
foregoing  facts  to  be  the  equivalent  of  the  Denver  beds.  No 
strata  corresponding  to  either  the  Arapahoe  or  Laramie  proper 
are  known  in  Middle  Park,  and  the  invertebrates  collected  by 
Mr.  Cannon  indicate  that  the  upper  part  of  the  Montana  is 
also  wanting  in  the  vicinity  of  Hot  Sulphur  Springs.  Present 
information  gives  little  ground  for  an  estimate  of  the  extent 
to  which  the  missing  formations  were  once  developed  in  this 
region. 

Age  of  the  Lake-bed  Deposits. 

The  facts  of  stratigraphy  and  lithology  which  have  been 
recited  show  that  in  Colorado  the  great  conformable  series  of 
Cretaceous  formations  ended  with  the  coal-bearing  Laramie 
strata.  Deposition  plainly  ceased  in  this  area  because  conti- 
nental elevation,  which  had  long  been  in  progress,  finally 
caused  the  retreat  of  the  Laramie  seas.  The  magnitude  of 
this  elevation,  the  time  interval  involved,  and  the  question  as 
to  the  identity  of  this  particular  movement  with  the  great 
movement  generally  supposed  to  mark  the  ending  of  Mesozoic 
time  in  the  Rocky  Mountain  area,  are  clearly  problems  of 
great  importance.  Confining  discussion  at  present  to  the  in- 
disputable evidence  of  the  deposits  described,  it  is  clear  that 
when  sedimentation  began  again  in  the  region  concerned  it 
was  in  comparatively  small  seas  or  lakes.  In  the  pebbles  of 
the  Arapahoe,  Cailon  City,  and  Ohio  Creek  beds,  is  found 
proof  that  adjacent  landmasses  consisted  in  part  of  upturned 
sedimentary  rocks,  and  in  the  first  named  is  the  recora  of  the 

*  Monographs  of  tbe  Hayden  Survey,  yol.»vi,  Tertiiry  Flora. 
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Blow  erosion  of  14,000  feet  of  strata,  from  the  Laramie  down 
to  the  "  Red  beds  "  of  the  Trias.* 

Succeeding  the  first  period  of  lake-beds  came  a  time  of 
great  volcanic  outbursts  over  a  very  large  area.  The  length 
of  geologic  time  occupied  may  not  have  been  very  great,  but 
the  extent  of  country  in  which  eruptions  occurred  at  this  time, 
and  the  great  variety  of  lavas  found  in  the  Denver  and  Middle 
Park  beds,  argue  for  the  decided  importance  of  the  event  as  a 
dynamic  manifestation.  The  position  of  the  Middle  Park 
beds  on  the  edges  of  the  Cretaceous  section  below  the  Ft. 
Pierre,  proves  a  period  of  erosion  there  which  was  no  doubt 
contemporary  witn  the  Arapahoe  epoch  though  its  record  is 
not  known  in  deposits.  Marvine  assigns  a  thickness  of  over 
6000  feet  to  the  Middle  Park  beds  (including  the  "breccia"), 
characterized  through  the  lower  half  at  least  by  volcanic  ma- 
terial,— striking  testimony  to  the  extent  of  the  eruptions  and 
the  duration  of  the  period  of  deposition,  which  must  have 
been  one  of  subsidence,  approximately  equalling  the  thickness 
of  beds  deposited. 

The  question  as  to  the  age  of  the  formations  under  discus- 
sion is  the  question  as  to  the  length  and  importance  of  the 
periods  in  which  the  events  clearly  recorded  in  their  sediments 
took  place.'  From  the  standpoint  of  structural  and  physical 
geology  an  adequate  chronology  will  distinguish  or  separate 
this  period  from  that  of  the  coal-bearing  Laramie ;  but  accord- 
ing to  the  principles  of  geology  the  measure  of  the  geologic 
time  involved  is  to  be  sought  in  the  fossils, — in  a  comparison 
of  the  life  of  the  two  periods  which  are  to  be  distinguished. 
But  at  the  very  outset  of  such  an  attempt  it  becomes  evident 
that  a  very'large  number  of  fossils  said  to  occur  "in  the  Lara- 
mie" are  not  at  present  available  for  such  a  purpose.  This 
difficulty  arises  chiefly  from  the  fact  that  the  stratigraphical 
position  of  the  beds  of  many  localities  where  "  Laramie " 
fossils  have  been  found  has  not  been  at  all  clearly  determined. 

In  their  recent  discussions  of  orographic  movements  Messrs. 
Emmons  and  Hills  have  treated  the  post-Laramie  disturbance 
as  that  closing  Cretaceous  time.  The  former  says  :  "  With  the 
exception  of  the  great  unconformity  between   the  Archsean 

*  The  lithological  evidence  upon  which  the  distinction  of  the  local  formations 
above  mentioned  has  been  largely  made  will  probably  make  little  impression 
upon  some  readers.  It  is  a  striking  fact  in  many  observations  of  the  past  and  of 
the  present  in  the  western  region,  that  the  material  constitution  of  coarse  grained 
sandstones  and  conglomerates  has  been  and  is  now  practically  ignored.  But  if  a 
conglomerate  in  the  apparently  conformable  Cretaceous  section  contains  pebbles 
of  Niobrara  limestones,  of  the  extremely  characteristic  Dakota  conglomerate,  of 
red  Jurassic  or  Triassic  sandstone,  or  of  Carboniferous  chert,  a  definite  unconfor- 
mity of  great  magnitude  is  made  known  which  does  not  require  proof  in  visible 
angular  unconformity  or  in  the  fossils,  though  the  latter  undoubtedly  will  confirm 
it  when  they  are  known  in  sufficient  detail. 
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and  all  overlying  eediments,  ...  no  movement  has  left  such 
definite  evidence  as  that  which  followed  the  deposition  of  the 
coal-bearing  rocks,  to  which  the  name  Laramie  nas  by  univer- 
sal consent  been  applied."*  And  while  Mr.  Hills  thinks  that 
some  of  the  effects  hitherto  ascribed  to  the  post-Laramie 
movement  belong  to  that  following  the  Bridger  Eocene,  his 
conclusion  in  regard  to  the  Arapahoe,  Denver  and  equivalent 
beds,  is  as  follows :  "  From  all  the  evidence  available  it  appears 
that  stratigraphically  these  beds  are  not  Laramie,  since  to  refer 
them  to  the  Cretaceous  would  bring  us  face  to  face  with  the 
necessity  of  conceding  an  earlier  date  than  post-Cretaceous  to 
the  Rocky  Mountain  revolution.  Nor  are  they,  paleontologi- 
cally,  a  part  of  the  recognized  Eocene.  Whence  we  must  con- 
clude that  they  are  not  assignable  to  either  of  these  terranes, 
but  should  be  regarded  as  transition  beds  deposited  subsequent 
to  the  beginning  of  the  post-Cretaceous  movement,  or  probably 
during  its  progress  and  hence  of  post- Laramie  age."t 

The  Denver  beds  contain  a  very  large  and  well  preserved 
fossil  flora.  So  do  the  coal-measures  of  the  Laramie  in  the 
same  field,  and  more  than  160  species  have  been  described 
from  this  district  by  Lesquereux.:|:  It  has  already  been 
shown§  in  describing  the  Denver  beds  that  from  the  statements 
of  this  author  only^  a  very  small  percentage  of  the  described 
species  can  be  definitely  assigned  to  one  of  the  two  plant- 
bearing  horizons,  nor  is  the  desired  information  to  be  found  on 
the  labels  or  in  the  catalogue  of  the  National  Museum  where 
the  original  specimens  are  now  deposited.  Examination  has 
also  shown  a  lamentable  inaccuracy  in  designation  of  localities 
for  the  fossil  plants  of  various  other  localities  assigned  to  the 
Laramie.  This  is  true  especially  of  the  plants  from  the  Mid- 
dle Park  beds,  as  has  been  mentioned.  The  existing  confusion 
is  so  great  that  no  credible  table  can  now  be  constructed  from 
published  data  to  show,  excepting*  in  a  most  general  way, 
whether  there  is  or  is  not  a  noteworthy  difference  between  the 
known  flora  of  the  Denver  and  Middle  Park  beds  and  that  of 
the  Laramie  proper.  But  on  the  basis  of  new  and  extensive 
collections  from  known  horizons  a  thorough  revision  of  this 
portion  of  the  Laramie  flora  is  now  in  progress  in  the  paleo- 
Dotanical  department  of  the  Geological  Survey.  Until  the 
results  of  this  revision  can  be  made  public  a  discussion  of  the 

*  Orographic  movements  in  theRockv  Mountains,  Bull.  O.  S.  A.,  I,  p  285, 1890. 

f  Orographic  and  structural  features  of  Rocky  Mountain  geology,  Proc.  Colo. 
Sci.  Soc ,  vol.  iii,  Part  III»  p.  H97. 

{Monographs  of  the  Hayden  Survey:  vol.  vii,  "The  Tertiary  Flora;"  vol. 
viii«  "The  Cretaceous  and  Tertiary  Floras;"  also,  Bull.  Mus.  Comp.  Zool,  Har- 
vard College,  vol.  xvi,  No.  3,  1888. 

§  This  Journal,  vol.  xzzvii,  p.  272,  1889. 

Am.  Jodr.  Soi.— Third  Sbries,  Vol.  XLIY,  No.  259.— -July,  1892. 
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bearing  of  fossil  plants  in  determining  the  age  of  the  Denver 
and  allied  deposits  is  useless. 

The  few  invertebrate  fossils  found  in  the  Denver  beds  are, 
according  to  Dr.  C.  A.  White,*  of  no  special  value  in  the 
present  case.  Viviparus  trochiformis  and  Go7iiobasis  tenui- 
carinata  are  the  only  specifically  identifiable  forms  as  yet 
known,  while  imperfect  forms  referable  to  Oorhioula^  Physa^ 
and  Onio  accompany  them. 

The  vertebrate  fauna  known  from  the  Denver  and  Arapa- 
hoe beds  is  small,  but  its  character  is  such  as  to  raise  some  very 
broad  questions  for  settlement  before  its  value  for  purposes  of 
detailed  correlation  can  be  determined.  At  the  time  the  Den- 
ver and  Arapahoe  formations  were  described  a  considerable 
number  of  fossil  bones  had  been  found,  and  since  that  time 
additional  material  has  been  obtained  by  Mr.  G.  L.  Cannon,  Jr. 
All  the  material  collected  has  been  examined  by  Professor  O. 
C.  Marsh,  who  identifies  fragments  of  turtles,  crocodiles,  and 
dinosaurs.f  Only  the  latter  are  of  especially  recognized  im- 
portance in  this  case.  They  belong  for  the  most  part  to  the 
remarkable  new  family,  the  Ceratopsidse,  of  which  so  many 
wonderful  forms  have  been  described  within  the  last  three 
years,  and  it  is  necessary  at  this  point  to  pass  in  review  certain 
phases  of  the  discoveries  made  by  Professor  Marsh,  and  the 
tacts  stated  in  the  publications  concerning  them. 

In  a  series  of  articles  in  the  American  Journal  of  Science 
beginning  December,  1888,  Prof.  Marsh  has  described  a  won- 
derful new  fauna  said  to  occur  in  the  Laramie  of  Montana, 
Wyoming  and  Colorado,  the  two  most  important  elements  of 
which  are  a  group  of  horned  Dinosaurs  forming  a  new  sub- 
order, the  Ceratopsia,  and  a  large  number  of  small  mammals. 
The  new  Dinosaurs  are  closely  related  to  Stegosaurus  in  many 
features  of  the  skeleton,  but  the  skull  and  dermal  armor  have 
become  strangely  modified  and  possess  marked  characteristics 
"  not  before  seen  in  the  Dinosauria."  With  the  exception  of 
a  few  isolated  bones  and  teeth  mentioned  by  Cope  the  mam- 
malian fauna  associated  with  these  Dinosaurs  is  the  first  to  be 
discovered  in  the  American  Cretaceous,  and  is  closely  allied  to 
that  known  in  the  Jura,  and  widely  different  from  that  charac- 
terizing the  Wasatch  Eocene.J- 

*  Cited  in  article  describing  the  Denver  Formation,  this  Journal,  vol.  zxzvii,  p. 
275. 

f  The  foBsil  from  the  Denver  beds  origriDallj  described  bj  Professor  Marsh  as 
Biaon  alticomis  is  now  regarded  by  him  as  belonging  to  Ceratops  (this  Journal, 
Txxviii,  174,  1889). 

X  The  writer  wishes  to  acknowledge  the  courtesy  and  kindness  of  Professor 
Marsh  in  showing  him  a  large  number  of  the  remarkable  and  important  forms 
which  have  been  found  in  the  Ceratops  beds,  and  in  explaining  the  gfreat  prob- 
lems they  present  to  the  evolutionist,  together  with  their  apparent  bearing  upon 
questions  of  historical  geology. 
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In  attempting  to  correlate  the  new  formations  of  the  Denver 
field  by  means  of  their  vertebrate  fossils  it  is  necessary  to 
know  tiie  horizon  or  horizons  which  have  furnished  the  large 
new  fauna  recently  described.  A  review  of  the  papers  published 
by  Prof.  Marsh  shows,  however,  that  except  for  fossils  which 
came  from  the  Denver  region  no  detailed  evidence  is  given  as 
to  the  stratigraphical  or  geographical  position  of  beds  contain- 
ing any  of  Sie  fossils  described.  There  are  only  the  general 
statements  that  they  *'  come  from  the  typical  Laramie  of 
Wyoming"  or  "  of  Montana."  All  localities  are  correlated  as 
belonging  to  one  general  horizon,  '*  the  Ceratops  beds,"  and 
the  assertion  is  made  that :  ^'  This  horizon  is  as  strongly 
marked  as  that  of  the  Atlantosaurus  beds,  and  has  now  been 
traced  for  nearly  eight  hundred  miles  along  the  eastern  base  of 
the  Kocky  Mountains."  And  as  to  stratigraphical  relation  to 
lower  beds,  "Toward  the  north,  it  is  underlaid  by  marine 
Cretaceous  strata  containing  Fox  Hill  fossils,  but  farther  south, 
various  older  formations  are  found  immediately  beneath  it."  * 
It  certainly  seems  natural  and  it  may  almost  be  said  probable 
that  such  a  new  and  specialized  group  of  animals  should  char- 
acterize a  well  marked  geological  horizon.  But  as  far  as  the 
actual  position  of  the  Ceratops  beds  has  been  described, 
namely,  in  the  Denver  region,  they  are  separated  from  the 
normal  Laramie  by  a  great  unconformity,  and  it  remains  to  be 
demonstrated  that  the  new  forms  occur  at  all  in  the  Laramie 
proper.  It  is  believed  to  be  a  fact  that  in  all  the  great  Lara- 
mie formation  of  Colorado,  where  it  has  been  studied  more 
thoroughly  and  connectedly  than  anywhere  else,  no  represent- 
atives of  the  CeratopsidfiB  have  been  found  ;  and  that  the  same 
is  true  of  the  adjacent  connected  deposits  in  New  Mexico  and 
Utah.  None  of  the  species  described  by  Prof.  Marsh  has  been 
stated  to  come  from  the  Laramie  coal-measures  of  southern 
Wyoming,  but  it  seems  probable  that  the  historic  Dinosaur 
called  Agathaumas  by  Cope,  the  discovery  of  which  at  Black 
Butte  in  1872  played  such  an  important  part  in  deciding  opin- 
ion as  to  the  Cretaceous  age  of  the  Laramie,  may  prove  to  be 
of  importance  in  the  present  discussion  also.  It  is  now 
thought  by  both  Cope  f  and  Marah  %  that  this  form  is  a  horned 
Dinosaur.  If  this  is  true  the  Ceratopsidae  are  represented  to 
the  west  of  the  Front  range  in  what  have  been  called  typical 
Laramie  strata  by  some  authors.  But  it  happens  that  the 
Black  Butte  locality  is  one  concerning  which  geologists  have 
differed  considerably  in  their  observations  and  opinions.     A 

•This  Journal,  vol.  xlii,  p.  338,  1891. 

f  Amer.  Naturalist,  zxiii,  p.  715,  1889.         t^his  Journal,  xliii,  p.  83,  1892. 
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succession  of  several  thousand  feet  of  strata  in  this  region  has 
been  referred  to  the  Laramie,  but  Major  Powell  claims  to  have 
found  an  important  physical  break  below  the  horizon  contain- 
inff  the  Agathaumas^  as  he  expressly  states,*  and  if  this  is  true 
this  Dinosaur  may  actually  occur  here  in  strata  contempora- 
neous in  time  with  the  Arapahoe  beds.  In  any  case  it  remains 
to  be  proven  that  the  **  Ceratops  beds "  of  Marsh,  from  the 
"eastern  base  of  the  Rocky  Mountains"  are  stratigraphical 
equivalents  of  the  horizon  at  Black  Butte  in  which  the  Agath- 
aumas  was  fonnd. 

This  brings  us  to  the  questions :  On  what  ground  does 
Prof.  Marsh  assign  the  Ceratops  beds  to  the  Laramie  ?  and, 
What  does  the  Laramie  properly  embrace  ?  The  assignment 
rests,  as  far  as  published  evidence  goes,  on  the  presence  of  a 
new  fauna  of  strong  Mesozoic  affinities,  in  beds  more  recent 
than  the  Fox  Hills,  and  unknown,  with  the  possible  exception 
noted  above,  in  strata  known  to  occupy  the  stratigraphical  po- 
sition assigned  to  the  Laramie  in  its  original  definition.  The 
general  statement  of  Prof.  Marsh  that  the  Ceratopsidfie  he  has 
described  "  are  found  in  the  typical  Laramie  of  Wyoming"  is 
misleading  in  this  sense,  that,  to  any  one  acquainted  with  the 
literature  of  the  subject,  "  the  typical  Laramie  of  Wyoming  " 
must  always  be  that  formation  in  southwestern  Wyoming  to 
which  Mr.  Clarence  King  first  applied  the  name,  or  its  demon- 
strated equivalent.  Audit  seems  opportune  to  quote  here  the 
definition  of  the  Laramie  given  by  tnat  author.  After  explain- 
ing, that  on  consultation  with  Hayden  and  without  compro- 
mising dijfferences  of  opinion  as  to  the  age  of  the  beds  in 
question,  a  common  name  had  been  adopted,  he  says  :  "  Ac- 
cordingly ...  it  was  amicably  agreed  between  us  [Hayden 
and  King]  that  this  series  should  receive  the  group  name  of 
Laramie,  and  that  it  should  be  held  to  include  that  series  of 
beds  which  conformably  overlies  the  Fox  Hills."  f  Experi- 
ence since  this  definition  was  set  up  has  shown  that  over  a 
very  large  area  there  is  a  great  and  important  formation  to 
which  that  definition  strictly  applies.  And  evidence  continu- 
ally accumulates  to  prove  that  this  formation,  which  certainly 
must  be  called  the  Laramie,  was  the  last  of  the  series  of  con- 
formable deposits  belonging  to  the  Cretaceous. 

Ketuming  to  the  question  as  to  the  evidence  concerning  the 
stratigraphical  position  of  the  "  Ceratops  beds,"  it  is  to  be 
noted  that  in  Montana  and  Wyoming  they  are  said  to  occur  on 
the  eastern  flank  of  the  Kocky  Mountains,  in  a  district  which 

♦Geology  of  the  Uinta  Mountains,  p.  72. 

f  Final  reports  of  the  Fortieth  Parallel  Survey,  vol.  i.  Systematic  Greologyi 
p.  331. 
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has  not  been  carefully  explored  as  yet  except  for  vertebrate 
fossils.  And  marked  angular  nnconformity  at  the  base  of 
these  beds  might  not  be  distinguishable  if  the  shore  line  was 
too  far  removed  from  the  localities  examined.  But  even  the 
general  statement  of  Prof.  Marsh  seems  to  indicate  a  great 
actual  unconformity,  for  he  says,  in  the  sentence  quoted  above, 
that,  in  some  places  not  specified,  "  various  older  formations 
are  found  immediately  beneath  it "  (i.  e.  the  Ceratops  horizon, 
called  '*  the  typical  Laramie").  As  invertebrates  and  plants 
are  stated  to  be  associated  with  the  vertebrate  fauna  it  seems 
quite  necessary  that  their  testimony,  as  well  as  all  available 
stratigraphical  and  lithological  details,  should  be  given,  before 
the  beds  in  question  can  be  satisfactorily  correlated. 

The  cited  statement  of  Prof.  Marsh  that  "  the  Ceratops  beds 
have  now  been  traced  nearly  eight  hundred  miles  along  the 
eastern  flanks  of  the  Bocky  Mountains"  implies  the  actual 
connection  of  the  formations  of  the  Denver  field  with  that 
containing  the  new  fauna  in  Wyoming.  But  the  area  of  the 
Denver  beds  is  known  to  be  quite  limited,  and  the  Arapahoe 
beds  on  the  plains  east  of  Denver  are  thin  and  erosion  has 
entirelv  removed  them  in  many  places,  exposing  the  under- 
lying Laramie.  It  is,  however,  possible  that  they  thicken  again 
farther  out  on  the  plains,  or  reappear  to  the  northward  beyond 
the  Platte  valley.  If  the  investigations  of  Prof.  Marsh  have 
actually  connected  the  Ceratops  beds  of  Wyoming  with  the 
Arapahoe  beds  of  Colorado,  this  fact  is  of  great  importance  as 
fixing  the  stratigmphical  position  of  the  Ceratops  horizon  as 
post-Laramie.  If,  nowever,  the  Ceratops  beds  of  Wyoming  are 
contemporary  with  the  true  Laramie,  then  they  do  not  belong 
to  the  same  epoch  as  the  Denver  and  Arapahoe  beds. 

The  above  considerations  show  that  the  vertebrate  fossils  of 
the  Arapahoe  and  Denver  beds  cannot  at  present  be  used  as  an 
argument  either  for  or  against  the  proposed  separation  of 
these  lake-beds  and  their  equivalents  from  the  Laramie,  be- 
cause the  new  fauna  recently  described  has  not  been  identified, 
in  published  statements  at  least,  in  strata  satisfactorily  iden- 
tified with  the  true  Laramie  on  other  ground  than  that  of  the 
new  fossils  themselves.  It  is  clearly  suggested  by  the  known 
evidence  that  the  new  family  of  Dinosaurs  may  be  found  to 
be  specially  characteristic  of  the  epoch  to  which  the  lake-beds 
described  belong,  as  distinctive  from  that  of  the  Laramie 
proper;  that  their  remarkable  specialization  may  have  taken 
place  largely  as  a  result  of  the  changed  conditions  following 
the  great  orographic  movement  closing  the  Laramie.  Lentil 
more  is  known  about  the  distribution  of  the  Ceratopsidee  and 
their  immediate  ancestors  in  the  Cretaceous  series  of  forma- 
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tions,  they  certainly  cannot  be  used  as  diagnostic  fossils  for 
any  horizon. 

The  facts  of  stratigraphy  and  lithology  demand  that  the  in- 
terval between  the  Laramie  and  the  lake-bed  deposits  should 
be  recognized  as  a  very  important  one.  The  known  fossils  do 
not  aid  as  in  determining  the  importance  of  that  interval 
because  their  distribution  with  reference  to  it  is  so  imperfectly 
established.  Such  seems  to  be  the  necessary  verdict  from  the 
examination  of  the  direct  evidence  available  at  present  Much 
collateral  testimony  might  be  introduced  into  this  discussion, 
from  observations  in  remote  districts,  but  it  seems  undesirable 
and  premature  to  consider  such  evidence  at  this  time.  Some 
of  the  reasons  for  this  conclusion  will  appear  in  the  more 
general  discussion  to  follow. 

Assuming  that  the  lake-beds  described  in  this  article  should 
be  separated  from  the  Lai-amie,  the  question  as  to  whether  they 
are  Tertiary  or  Cretaceous  is  quite  another  problem.  It  was 
argued  in  the  article  on  the  Denver  beds  that  the  establish- 
ment of  a  profound  orographic  movement  in  the  period  suc- 
ceeding the  Laramie,  followed  by  extensive  and  long-continued 
volcanic  outbursts,  indicated  that  the  deposits  of  the  Arapahoe 
and  Denver  epochs  should  be  assigned  to  the  Eocene.  This 
wos  in  harmony  with  the  ideas  to  be  found  in  all  previous 
speculations  as  to  what  actually  closed  the  Cretaceous  period. 
At  the  time  the  article  in  question  was  written  a  few  bones 
had  been  identified  by  Professor  Marsh  as  belonging  to  Dino- 
saurs and  other  vertebrate  forms  of  Mesozoic  types,  but  the 
fact  that  these  animals  had  survived  a  period  of  various 
dynamic  disturbances  of  great  magnitude  seemed  then  to 
indicate  that  they  were  straggling  survivors  into  earliest 
Eocene  time  rather  than  that  the  movement  should  be  placed 
in  the  Cretaceous. 

The  facts  presented  in  this  paper  make  it  plain  that  the  dis- 
cussion of  this  question  involves  now  a  discussion  of  the 
broader  one  as  to  the  character  and  position  of  the  line  to  be 
drawn  between  Mesozoic  and  Cenozoic  deposits  in  the  Rocky 
Mountain  region,  and  as  to  the  criteria  to  be  used.  And  at 
present  there  is  such  a  decided  conflict  between  the  results 
reached  in  applying  different  criteria  that  the  necessity  for 
more  information  on  many  points  is  clear.  In  illustration  of 
this  necessity  a  few  of  the  recently  expressed  opinions  upon 
this  subject  will  be  quoted. 

Professor  Marsh*  in  a  recent  publication  on  the  Cretaceous 
mammalia  and  their  associated  vertebrate  fossils,  occurring 
in  the   Ceratops  beds — "the   Laramie  of   Wyoming" — says: 

*  This  Journal,  vol.  xliii,  p.  249,  March,  1892. 
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"These  remains  are  not  transitional  between  Mesozoic  and 
Tertiary  forms,  but  their  affinities  are  with  the  former  beyond 
a  doubt;  thus  indicating  a  great  faunal  break  between  the  time 
in  the  Cretaceous  when  they  lived  and  the  earliest  known  Ter- 
tiary, or  between  the  Ceratops  horizon  and  the  Coryphodon 
beds  of  the  Eocene  Wasatch.  The  lower  division  of  the 
Coryphodon  beds,  or  lower  Wasatch  (Puerco),  is  clearly 
Tertiary,  and  the  great  break  is  between  this  horizon  and  the 
Ceratops  beds  of  the  Laramie."  Concerning  the  abundant 
faunas  of  the  two  horizons,  "  the  more  the  two  are  compared 
the  stronger  becomes  the  contrast  between  them.  Instead  of 
placing  them  close  together,  as  some  geologists  seem  inclined 
to  do,  it  will  be  more  profitable  in  future  to  search  for  the 

f^reat  series  of  intervening  strata  containing  the  forms  that 
ead  from  one  to  the  other."  "  Bearing  in  mind  all  that  is 
known  today  of  the  development  and  succession  of  vertebrate 
life  in  America,  from  the  early  Silurian  on  to  the  present  time, 
it  is  safe  to  say  that  the  faunal  break  as  now  known  between 
the  Laramie  and  the  lower  Wasatch  is  far  more  profound  than 
would  be  the  case  if  the  entire  Jurassic  and  the  Cretaceous 
below  the  Laramie  were  wanting."* 

Professor  E.  D.  Copet  in  his  "Synopsis  of  the  Vertebrate 
Fauna  of  the  Puerco  series"  (1888)  considers  the  Puerco 
fauna  as  widely  distinct  from  that  of  the  Wasatch,  and  points 
out  that  among  106  species  of  vertebrates  known  from  the 
Puerco  not  one  is  found  either  in  the  Wasatch  or  in  the  Lara- 
mie ;  that  some  important  Mesozoic  types  end  in  the  Puerco ; 
that  "  two  orders  universally  present  in  the  Eocenes,  the  Peris- 
sodactyla  and  the  Rodentia,  are  wanting  from  the  Puerco "; 
and  that  many  Puerco  forms  are  plainly  the  ancestors  of 
Eocene  types.  Shortly  before  this  publication  Professor 
Cope:|:  had  assigned  the  Puerco  and  Laramie  to  the  ''  Post- 
Cretaceous"  as  expressing  their  relationship  better  than  to 
class  one  with  the  Eocene  and  the  other  with  the  Cretaceous. 
It  is  worthy  of  note  that  the  Puerco  was  assigned  to  the 
Eocene  by  Professor  Cope§  as  recently  as  1883. 
Professor  Marsh  refers  the  Puerco  to  the  lower  Wasatch = 

*  Since  the  completion  of  this  article  Prof.  Marsh  has  announced  the  presence 
of  Ophidians  and  true  Lacertilians  with  the  gigantic  dinosaurs  of  the  Ceratops 
beds,  *'in  the  Laramie  of  Wyoming."  No  serpents  have  hitherto  been  found  in 
America  below  the  Eocene.  (Notice  of  new  reptiles  from  the  Laramie  Forma- 
tion.    This  Journal,  vol.  xliii,  p.  449,  May,  1892.) 

fTrans.  Am.  Phil.  Soc.,  vol.  xvi,  pp.  298-361. 

JThe  Relations  of  the  Puerco  and  Laramie  Deposits.  Amer.  Naturalist,  vol. 
ii,  p.  985,  1885.  The  Mesozoic  and  Caenozoic  Realms  of  the  Interior  of  North 
America.     Ibid,  voL  xxi,  p.  445,  1887. 

g  Monographs  of  the  Hayden  Survey,  III,  Tertiary  Yertebrata,  Book  I,  p.  4, 
1883. 
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Lower  Coryphodon  beds,  but  Professor  Cope  says,  in  1888 : 
*'  Coryphodon  is,  so  far,  unknown,"  and  in  his  last  synopsis  of 
the  Puerco  fauna  (loc.  cit.)  he  does  not  include  that  form. 

Regarding  the  first  mammalia  described  by  Prof.  Marsh 
"  from  the  Laramie  "  Prof.  Cope*  has  said  :  "  These  species 
i^re  of  identical  character  with  the  Puerco  mammals,  although 
there  is  no  species  identical  with  any  in  the  Puerco,  where 
there  is  not  a  single  Cretaceous  reptile.  The  mammals  of  the 
Laramie  are,  like  the  saurians,  rather  Cretaceous  than  Tertiary ; 
but  the  character  is  not  as  pronounced." 

The  question  as  to  the  relations  of  the  Laramie  to  the 
Eocene  has  recently  been  reviewed  by  Dr.  C.  A.  White  in  the 
Correlation  Essay  on  the  Cretaceous  prepared  for  the  Fifth 
International  Congress  of  Geologists,t  and  with  the  result 
that  the  Laramie  **  is  held  to  represent  both  the  close  of  the 
Cretaceous  and  the  beginning  of  Tertiary  time,"  with  a  proba- 
bility that  in  certain  known  areas  there  has  been  contmuous 
sedimentation  from  the  coal-bearing  Laramie  through  to  the 
Wasatch  Eocene  or  it  equivalents.  The  molluscan  fauna  is 
said  to  favor  such  a  conclusion. 

Prof.  J.  S.  Newberry  %  ^as  recently  expressed  the  decided 
opinion  that  the  diverse  views  of  geologists  concerning  the 
Laramie  have  in  large  part  *'  arisen  from  the  fact  that  many 
writers  on  the  subject  have  combined  two  distinct  formations 
in  the  Laramie  and  have  called  them  one,  when  they  have 
almost  nothing  common,  belong  to  different  geological  systems, 
and  should  never  have  been  united."  He  then  assigns  the 
Fort  Union  beds  of  Montana  to  the  Eocene,  and  the  remainder 
of  what  has  been  called  Laramie  to  the  Cretaceous,  asserting 
that  the  floras  of  the  two  "  are  totally  distinct." 

In  discussing  this  paper  Prof.  L.  F.  Ward  claimed  that  the 
Ft.  Union  flora  was  not  absolutely  distinct  from  that  of  the 
Laramie  though  very  different,  and  that  it  might  well  be  con- 
sidered as  Cretaceous. 

Prof.  Marsh  6tates§  that  "  the  Ft.  Union  Eocene  beds  on  the 
Upper  Missouri"  rest  immediately  upon  the  "Ceratops  beds." 
It  would  be  interesting  to  know  the  flora  of  the  "  Ceratops 
beds"  and  the  vertebrate  fauna  of  the  ^'Ft.  Union  beds"  in 
this  region.  Prof.  Cope  has  published  a  *'  Description  of  some 
vertebrate  remains  from  the  Ft.  Union  beds  of  Montana,"! 

*Bull.  Geol.  Soc.  of  Am.,  vol.  i,  p.  532  (Dec.  1890).  In  discussion  of  a  paper 
by  J.  S.  Newberry,  The  Laramie  Group. 

t  Correlation  Papers.  The  Cretaceous,  Bull.  82,  U.  S.  Geological  Survey,  1891. 
Compare  pp.  262. 

IThe  Laramie  Group,  Bull.  Geol.  Soc.  of  Am.,  vol.  i,  p.  524. 

§  This  Journal,  xlii.  p.  336. 

I  Proc.  Acad,  of  Nat.  Sci.  of  Phila.,  vol.  xxviii,  p.  248,  1876. 
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bat  without  any  statement  of  locality  or  stratigraphical  data, 
80  that  his  paper  stands  rather  as  an  illustration  of  the  common 
manner  in  which  uncertainty  and  confusion  have  been  intro- 
duced into  the  literature  of  the  Laramie,  rather  than  as  evi- 
dence that  Dinosaurs  occur  in  beds  containing  the  Ft.  Union 
flora. 

From  these  recent  expressions  of  opinion  concerning  the 
Laramie  in  its  comprehensive  sense  and  of  the  period  of  time 
between  the  marine  Cretaceous  and  the  Puerco  or  lower 
Eocene,  it  is  clear  that  paleontologists  have  sought  to  correlate 
the  formation  and  characterize  the  period  from  the  evidence 
of  the  flora  or  of  a  particular  fauna.  In  some  ca^es  at  least 
the  opinion  has  been  rendered  upon  biological  grounds  alone, 
and  has  been  announced  with  great  confidence,  often  with  but 
the  slightest  reference  to  the  results  reached  UDon  other  pale- 
ontological  evidence  or  to  contrary  opinions  irom  the  same 
evidence,  with  little  regard  for  known  facts  of  stratigraphy, 
and  still  less  for  the  very  important  fact  of  utter  ignorance 
concerning  the  actual  relationsnips  of  some  of  the  places,  hori- 
zons, and  faunas  or  floras  dogmatically  correlated.  This  vari- 
ance of  opinion  is  a  natural  result  of  the  methods  used,  yet  no 
one  will  aissent  from  the  proposition  that  a  correct  knowledge 
of  the  history  of  this  interesting  period  cannot  be  reached 
until  all  classes  of  evidence  are  carefully  compared  on  a  basis 
of  unbiased  and  accurate  observations  in  all  directions. 

The  facts  brought  together  in  this  paper  point  to  one  impor- 
tant epoch  in  the  period  under  discussion  which  has  not  been 
duly  recognized,  to  say  the  least.  Its  broad  intrinsic  impor- 
tance has  yet  to  be  determined,  and  the  writer  wishes  to  dis- 
tinctly express  his  appreciation  of  the  fact  that  that  importance 
must  ultimately  be  measured  in  great  degree  through  the  effect 
exercised  by  the  conditions  of  that  epoch  upon  the  life  of  the 
time.  But  the  great  importance  of  the  orographic  movement 
which  has  been  identified,  in  relation  to  the  physical  history  of 
a  very  large  district,  must  also  be  borne  in  mind. 

In  conclusion,  the  writer  wishes  to  advocate  the  restriction 
of  the  term  Laramie,  in  accordance  with  its  original  definition, 
to  the  series  of  conformable  beds  succeeding  the  marine  Mon- 
tana Cretaceous,  and  the  grouping  of  the  post-Laramie  lake- 
beds  described,  with  their  demonstrated  equivalents,  in  another 
series  to  which  a   comprehensive  name   shall   eventually  be 

fiven.  This  course  has  already  been  proposed  by  Mr.  Hills  in 
is  conclusion  which  has  been  cited  (p.  33).  The  question  as 
to  whether  the  series  shall  be  referred  to  the  Cretaceous  or  to 
the  Eocene  cannot  be  finally  settled  until  the  various  conflict- 
ing elements  of  the  evidence  have  been  adjusted  on  a  basis  of 
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further  and  more  exact  information.  But  even  if  we  assume 
that  the  lake-beds  are  Cretaceous,  there  remains  a  suflScient 
argument  for  restricting  the  scope  of  the  term  Laramie  in  the 
fact  that  to  include  the  two  or  three  series  of  deposits,  with 
the  long  intervals  between  them,  under  one  group  name  would 
make  the  latter  unduly  comprehensive  and  important  in  the 
scale  of  Cretaceous  sub-divisions.* 


Art.  IV. — On  the  Alkali-Metal  Peiitahalides ;  by  H.  L. 
Wells  and  H.  L.  Wheeler.  With  their  Crystallography; 
by  S.  L.  Penfield. 

In  the  course  of  our  investigations  on  the  alkaline  triha- 
lides,t  the  compounds  CsCl.CI.I,  RbCl.Cl.I  and  KCI.CIJ 
were  encountered.  The  potassium  compound  had  been  de- 
scribed many  years  ago  by  Filhol.:|:  This  investigator  pre- 
pared also  the  body  NH^Cl .  Ci.I  and  obtained  a  similar  mag- 
nesium compound,  probably  MgCi, .  2C1,1 .  5H,0.  He  failed 
in  his  attempts  to  make  analogous  compounds  with  sodium  and 
a  considerable  number  of  the  other  common  metals. 

It  was  evident  from  the  peculiar  behavior  of  ceesinm  tribro- 
mide  and  triiodide,  mention  of  which  was  made  in  one  of  our 
previous  articles,§  that  a  still  higher  bromide  and  iodide 
existed.     These  have  now  been  identified  as  pentahalides. 

In  addition  to  these  bodies  we  have  prepared  the  sodium 
and  lithium  analogues  of  FilhoPs  salt.  They  differ  from  all 
the  other  polyhaliaes  that  we  have  studied  in  containing  water 
of  crystallization. 

A  large  number  of  other  alkaline  pentahalides  are  theoreti- 
cally possible,  but,  although  we  have  made  numerous  experi- 
ments with  the  view  of  making  the  most  promising  of  these, 

*  Canadian  geologists  have  long  recognized  several  important  divisions  in 
what  thej  have  called  the  Laramie.  As  Uieir  divisions  cannot  be  accurately  cor- 
related as  yet  with  those  in  the  United  States,  owing  to  the  very  meagre  infor- 
mation concerning  the  great  complex  of  supposed  Laramie  strata  in  Montana,  the 
writer  has  avoided  a  consideration  of  those  points  in  this  paper.  It  seems  not 
unlikely  that  the  divisions  of  the  group  made  on  combined  stratigraphical  and 
paleontological  grounds  in  Canada  will  agree  with  those  to  be  reached  finally  in 
this  country.  The  "  Kdmonton  "  and  "  St.  Mary  River  "  beds  seem  to  correspond 
to  the  Laramie  proper,  and  the  "  Paskapoo  "  and  "  Porcupine  Hills  "  beds  to  the 
Fort  Union,  but  it  is  less  clear  that  their  ''Willow  Creek"  or  Middle  Laramie  of 
certain  areas  is  equivalent  to  the  post-Laramie  lake-beds  here  described.  "  The 
uplifting  of  the  Rock  Mountains  "  is  said  by  Mr.  J.  B.  Tyrrell  to  have  taken  place 
"  at  the  close  of  the  Edmonton  period."  (Report  on  a  part  of  Northern  Alberta, 
p.  137,  Ann.  Rep.  Geol.  and  Nat.  Hist.  Survey  of  Canada  for  1886). 

t  This  Journal,  III.  xliii,  11  and  475. 

t  J.  Pharm.,  xxv  (1839),  431. 

§  This  Journal,  III,  xliii,  pp.  24  and  27. 
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we  have  been  unable  to  prepare  them.  It  may  be  stated  that 
special  eflEorts  were  made  to  obtain  potassium  and  rubidium 
pentaiodides. 

This  is  produced,  in  an  impure  state  as  a  black  liquid  solidi- 
fying at  about  73*^,  by  treating  caesium  triiodide  with  hot 
water  and  also  by  treating  solid  iodine  with  a  hot  solution  of 
cfiesium  iodide.  Artificial  mixtures  of  csesium  triiodide  and 
iodine,  representing  compositions  varying  from  Csl^  to  Csl,, 
all  melt  at  a  uniform  temperature  of  about  73°.  It  is  evident 
from  this  that  the  composition  of  the  black  liquid  cannot  be 
determined  from  its  melting-point. 

Csesinm  triiodide,  which  is  readily  soluble  in  alcohol,  be- 
comes much  more  soluble  in  that  liquid  in  the  presence  of  two 
atoms  of  iodine  to  the  molecule.  A  very  concentrated  solu- 
tion of  this  kind  gives  crystals  of  the  pentaiodide  by  cooling, 
but  a  much  better  product  is  obtainea  by  concentration  over 
sulphuric  acid,  using  a  slight  excess  of  iodine  to  allow  for  loss 
by  volatilization.  The  crystals  are  well  formed  and  have  a 
brilliant  black  color.  They  can  be  distinguished  from  crystals 
of  iodine,  which  may  separate  if  too  much  of  this  substance 
has  been  used,  by  their  brittleness  as  well  as  their  form.  The 
substance  melts,  not  sharply,  at  73°.  It  loses  iodine  on  expo- 
sure about  as  rapidly  as  iodine  itself  volatilizes.  It  does  not 
contain  water  or  alcohol. 

Samples  of  the  crystals  quickly  dried  with  paper  gave  the 
following  results  on  analysis  : 


Made  by 

By  evaporation, 

Calculated 

cooling. 

Separate  products. 

for  C8l». 

Caesium 

15-20 

20-96          16*02 

17-32 

Iodine 

....              ..   m   -    m 

--..            .... 

82-68 

CsBr^, 

When  a  concentrated  solution  of  caesium  bromide  is  shaken 
up  with  a  large  excess  of  bromine  there  is  no  separation  of 
caesium  tribromide,  as  is  the  case  when  the  theoretical  amount 
of  bromine  is  used.  A  large  part  of  the  ctesium  bromide 
goes  into  solution  in  the  liquid  bromine,  and  on  taking  up  a 
sufficient  quantity  of  caesium  bromide  this  solution  becomes 
lighter  in  color  than  pure  bromine. 

A  solution  of  caesium  bromide  in  bromine,  made  in  the 
manner  above  indicated,  was  allowed  to  evaporate  spontane- 
ously at  a  temperature  below  0°.  A  dark  red  solid  finally 
separated  and  it  was  prepared  for  analysis  by  pressing  witn 
papers  at  the  same  low  temperature.  After  the  adhering 
bromine  had  been  removed  the  substance  gave  oflE  bromine- 
vapor  very  rapidly. 
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Calculated 
Analysis  gave  for  CsBfa. 

Caesium 29*93  24-96 

Bromine.-.. 75*06 

The  analysis  corresponds  with  the  formula  CsBr,  as  well  as 
could  be  expected  considering  the  great  instability  of  the  com- 
pound. 

CbCI.  CIJ. 
This  substance  can  be  prepared  by  dissolving  40  g.  of  csesium 
chloride  in  a  mixture  of  600  c.c.  of  water  and  200  c.c.  of 
concentrated  hydrochloric  acid,  adding  30  g.  of  iodine  (one 
atom),  passing  chlorine  to  saturation,  meanwhile  keeping  the 
solution  warm  enough  to  dissolve  any  of  the  compound  which 
separates  in  the  form  of  a  yellow  precipitate,  and  finally  cool- 
ing to  crystallization.  The  hydrochloric  acid  is  used  to  pre- 
vent the  simultaneous  deposition  of  an  acid  cfflsium  iodate. 

Calculated 
Analysis  gave.  for  CsCl .  CI9I. 

Caesium 32*44  33*09 

Chlorine   34*79  35*32 

Iodine 31*11  31*69 

The  crystals  are  of  a  pale  orange  color.  They  are  in  the 
form  of  slender  prisms,  usually  in  parallel  position  forming 
plate-like  groups.  The  body  is  sparingly  soluble  in  water  and 
can  be  recrystallized  from  it  without  much  decomposition.  It 
is  nearly  permanent  in  the  air.  On  heating  it  is  apparently 
converted  into  CsCl .  ClI,  for  it  melts  like  that  substance  at 
238°  (uncorr.)  in  the  open  capillary  tube. 

RhCl.  CI  J, 

This  body  can  be  conveniently  prepared  by  adding  40  g.  of 
iodine  to  a  nearly  saturated  solution  of  38  g.  of  rubidium 
chloride  and  passing  in  an  excess  of  chlorine.  The  solution 
becomes  warm  from  the  reaction,  and  on  cooling  large  orange- 
yellow  plates  are  deposited. 

Calculated 
Analysis  gave  for  RbCl .  CI  J. 

Rubidium 24*12         23*63  24*11 

Chlorine 39*00  40*05 

Iodine 35*31  35*83 

The  compound  is  soluble  in  alcohol,  unaffected  by  ether. 
When  rapidly  heated  in  an  open  capillary  tube  it  melts  at 
213°  (uncorr.)  undergoing  some  decomposition,  and  becomes 
completely  white  at  about  270°.     These  numbers  agree  quite 
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closely  with  the  melting  and  whitening  points  of  RbCl .  ClI, 
so  that  it  is  evident  that  there  is  a  loss  of  two  atoms  of  chlo- 
rine before  much  farther  decomposition  takes  place.  In  view 
of  this  fact  it  is  remarkable  that,  when  samples  of  RbCl .  C1,I 
and  RbCl .  ClI  were  exposed  to  the  air  side  by  side  for  three 
months,  the  compound  containing  the  greater  amount  of 
chlorine  was  almost  completely  decomposed  while  the  other 
remained  nearly  unchanged.  It  is  therefore  probable  that 
RbCl .  01,1  decomposes  at  ordinary  temperatures  by  losing  C1,I 
as  a  whole,  while  by  heating  another  decomposition  take& 
place. 

KGl.  CI  J. 

This  compound,  first  described  by  Filhol,  has  been  prepared 
for  the  sake  of  studying  its  crystalline  form.  It  is  easily 
made  by  the  method  which  has  been  ffiven  for  the  correspond- 
ing rubidium  compound.  The  crystals  obtained  by  cooling  are 
in  the  form  of  very  slender  needles,  but  by  evaporating  the 
mother-liquor  from  these  at  ordinary  temperature  thicker 
prisms  suitable  for  measurement  can  be  obtained. 

Calculated 
Analysis  gave  for  ECl .  Clal. 

Potassium 1 1  -98  12*66 

Chlorine 45-31  46-10 

Iodine 42-50  41-23 

NaCl.  CIJ.2H^0. 

To  prepare  this  substance,  sodium  chloride  and  iodine  in  the 
calculated  proportions  are  mixed  with  insufficient  water  to  dis- 
solve the  sodium  chloride  even  on  heating,  chlorine  is  added 
to  saturation  at  a  gentle  heat  and  the  liquid  is  filtered  while 
still  warm.  The  solution  on  cooling  to  a  low  winter  tempera- 
ture gives  a  crop  of  slender  needles,  but  better  crystals  are- 
obtained  by  evaporation  in  a  desiccator.  Some  of  the  latter, 
quickly  dried  on  paper,  gave  the  following  results  on  analysis : 

Calculated 
Found.  for  NaCl .  Clal .  2H80. 

Sodium 7-17  7*01 

Chlorine 42-92  43-29 

Iodine 38-23  38*71 

Water 12*84*  10-97 

The  water  was  determined  by  direct  weiffhing  in  a  calcium 
chloride  tube,  the  halogens  being  retained  by  an  ignited  mix- 
ture of  lead  oxide  and  lead  chromate. 

*  Determined  in  a  separate  sample. 
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The  body  is  rapidly  decomposed  by  exposure.  It  melts 
gradually  between  70°  and  90  and  becomes  white  at  about 
116°.     It  is  decomposed  by  strong  alcohol  and  by  ether. 

Li  CI.  CIJ.^H^O. 

This  was  made  by  adding  60  g.  of  iodine  to  a  hot  saturated 
solution  of  2(»  g.  of  lithium  chloride  in  dilute  hydrochloric  acid, 
saturating  witn  chlorine  and  cooling.  A  large  quantity  of 
long,  yellow  needles  was  thus  obtained.  On  evaporating  the 
mother-liquor  in  a  desiccator  larger  prisms  were  deposited. 

Calculated  for 
Analysis  gave  LiCl .  Clal .  4H3O. 

Lithium 2-03           216  201 

Chlorine 39»6  39-94  40-80 

Iodine 37*54  36-77  36*49 

Water 20*93  20-68 

On  exposure  to  the  air  the  substance  quickly  deliquesces, 
forming  a  yellow  liquid.  This  gradually  loses  its  color,  finally 
leaving  a  solution  of  lithium  chloride.  The  body  melts  at 
70°-80°  and  becomes  white  at  about  180°.  The  crystals  of 
this  compound  were  not  measured. 

Crystallography, 

The  crystallization  of  Csl^  is  triclinic.  By  slow  evaporation 
of  a  solution  in  a  desiccator,  crystals  were  obtained  which  were 
about  lO"""  in  diameter.  Two  crops  were  examined,  in  one  of 
which  the  habit  shown  in  fig.  1  prevailed  while  in  the  second 
the  crystals  were  more  highly  modified  like  figs.  2  and  3. 
1.  2.  3. 


The  forms  which  were  observed  are : 


a,  100,  i'\ 
c,   001,   0 

m,  no,  r 

M,  lIO,  / 


d,  Oil,     i-r 

/,  041,      4.r 

e,  021,       2A 

p,  311,  -3.3' 


The  axial  ratio  is  as  follows  : 

(J:*;c'=  0-9890:1  : 
a=  96*66'  /?  =  89*  56  i' 


0,  311,  3.3' 
X,  341,  -4-^ 
2/,    341,      4-1' 


0-42765 

y  =  90°  2 If 
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The  crystals  gave  good  reflections  of  the  signal  on  the 
goniometer.  In  the  following  tables  the  measurements  which 
were  chosen  as  fundamental  are  indicated  bv  an  asterisk. 


Measared.    Calculated. 
a  ^c,    100^001=*90'*  2' 
m^M,  110^110=*89    47 
o  Am,  100  A  110 —•44   43 
c  ^e,    001^021  =*43    26 
c  ^rf,   021^011  =*65    25 
a  ^Jf,  100  a  110=  45     4         45**     4' 
a  aC,    100  a  021=  90      6         90    16 
o  Arf,    100  A  011=  89    67         89    54 
a  Ai>,   100^311  =  41    18        41    19 
0  aO,    100  a  311  =  41    31         41     25 


Measured. 

Calculated. 

c  Am,  001  a  110  =  85"    8' 

85" 

9' 

c  aM,  001  a1I0  =  85      7 

8o 

U 

e  A  m,  021  A  110  =  66     9 

65 

3 

e  A  M,  021^110  =  65     8 

65 

18 

^Am,  Oil  a110  =  70      3 

70 

2 

dAM,011  a110  =  70      6 

70 

4 

l?Am,  311  A  110  =  40   41 

40 

41 

/  Arf,   041  A  Oil  =32    30 

32 

371 

ajAW,  341a110  =  25   46 

25 

44i 

l/Aif,  341  A  110  =  25    66 

25 

52 

The  form  of  CsCl .  C1,I  is  monoclinic.  From  a 
number  of  crystallizations  this  salt  was  always  ob- 
tained in  needles,  sometimes  over  20°"  in  length 
and  having  the  habit  shown  in  fig.  4. 

The  forms  which  were  observed  are : 


6,  010,  i-i 
Z,    210,  1.2 


p,  212,  —1-2 
<?,  211,   -2-2 


«,  211,  2-2 
d,  041,  4-t 


The  axial  ratio  is  as  follows  : 
d:b:c=z  0*9423 :  1  :  0-4277,  ft  =  100/^ 001  =  86°  20' 


Measured.      Calculated. 
l^l  210a2I0=    *50"  22' 
Up,  210  A  212=    ♦44"  51 
Pa«,  212a2I1  =n06    35 
Uq,  210  A  211  =      27      3         27"  V 


Measured,  Calculated. 

I  A«,    2I0a211  =  28'  35'  28"  34' 

p^lh   212  A  212  =  32"  59  33       2 

p^h.   212  A  010=  73    31  73    29 

6Arf,   010  A  041  =  31       0  30    21 


The  crystallization  of  RbCl.ClJ  is 
monoclinic.  This  salt  was  crystallized  a 
great  many  times  and  was  always  ob- 
tained in  plates,  sometimes  over  20°"' 
broad,  but  seldom  1°°  thick.  The  habit 
is  shown  in  fig.  5. 

The  forms  which  were  observed  are  : 


&,  010,  i'i 
c,  001,   0 


m,  no,    / 
P.  111,-1 


5,    111,    1 


The  axial  ratio  is  as  follows  : 

dCbio-  1-1390: 1:1-976,  /3=  100^001  =  67'' 6f 
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Measared. 
CaW,  001^110  =  *74**  26' 
CaJJ,  001  a  111  =*65    20 
p^p,  111a111=*76    21 


MeMored.  Calculated, 

Ca«,    001  a  III  =82"  12'  82'  15' 

«aW,  111  a  110  =  23     20  23    19 

p^w,  lllAnO  =  19      5  19       6 


With  the  polarizing  microscope  the  plates  show  an  extinc- 
tion parallel  to  their  diagonals.  In  convergent  light  nothing 
of  the  ring  system  can  be  seen,  but  a  dark  bar  crosses  the 
field  in  the  direction  of  the  symmetry  plane,  indicating  that 
the  plane  of  the  optical  axes  is  the  clino-pinacoid. 

The  crystalline  habits  and  axial  ratios  of  CsCl .  CIJ  and 
ErbCl .  C1,I  are  wholly  different  and  all  attempts  to  find  any 
similarity  or  mathematical  relation  between  them  has  failed. 
We  have  endeavored  to  detect  any  hidden  relation  that  might 
exist  by  examining  separate  crops  of  crystals,  made  from  a 
solution  containing  botn  salts.  Each  form  alone  and  mixtures 
of  both  were  thus  obtained,  but  no  crystals  of  an  intermediate 
form  could  be  produced.  One  unmixed  crop,  having  the  form 
and  angles  of  CsCl .  C1,I,  contained  about  sixteen  per  cent  of 
RbCl.ClJ,  while  another,  having  the  form  and  angles  of 
RbCl.ClJ,  contained  about  eleven  per  cent  of  CsCl.Cl,!. 
g  These  results  show  that  isomorphous  mixtures  can 

be  obtained  of  either  form,  depending  upon  which 
salt  predominates,  while  the  absence  of  any  inter- 
mediate forms,  and  the  inability  to  detect  any  mathe- 
matical relation  between  the  two  kinds  of  crystals, 
leads  us  to  believe  that  the  compounds  are  dimor- 
phous. 

The  form  of  KCl .  C1,I  is  monoclinic.  This  salt 
was  repeatedly  made  in  fine  needle-like  crystals,  too 
small  to  measure,  by  allowing  a  warm  saturated  solu- 
tion to  crystallize.  By  slow  evaporation  in  a  desic- 
cator, at  ordinary  temperatures,  stouter  prismatic 
crystals,  over  20°"°*  long  and  2°"™  in  diameter,  were 
obtained  having  the  habit  shown  in  fig.  6.  These  gave  excel- 
lent reflections  and  were  measured  without  difficulty  at  winter 
temperature. 

Tne  forms  which  were  observed  are  : 


^^2^ 


a,    100,  t-I 
m,  110,  / 


n,  120,  1-2 
d,  023,  H 


The  axial  ratio  is  as  follows  : 

d\l>'.c—  0-9268  :  1  :  0-44725,  fi  =  100^001  =  84*^  18' 

Meaeared.  lleasured.  Calcalated. 

wIaTW,  110^110  =  ♦85"  22'         a^d,  100A023=*8r  32' 
rf  ^  d,   023  A  023  =  ♦as       3  riAn,  riOAl20=    56    58       56*66' 
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The  positions  and  crystal  symbols  which  liave  been  adopted 
for  this  and  the  corresponding  caesium  salt  were  chosen  to 
show  a  similarity  in  the  axial  ratios.  Both  salts  are  alike  in 
having  a  prismatic  habit,  but  the  forms  which  occur  on  each 
are  quite  different.  If  it  were  not  for  bringing  out  this  simi- 
larity in  axial  ratios  the  crystallography  of  both  salts  could  be 
simplified  somewhat  by  giving  to  the  dome  d  above  the  sim- 
pler indices  Oil  and  by  taking  the  prism  and  pyramids  of  the 
cflBsium  salt  as  belonging  to  the  unit  instead  of  to  the  macro- 
diagonal  series. 

The  anhydrous  alkali-metal  pentahalides  do  not  form  a  well- 
defined  crystallographic  series,  yet  there  are  relations  between 
three  of  them  which  seem  to  us  to  be  more  than  coincidences. 
The  similarity  is  shown  in  the  following  table  : 

CsCl .  Cl.I  Monoclinic  d\b\cz^  0*9423  :  1  :  0*4277,    /?  =  86°  20' 
KCl  .  Cl.I  "  d:h:c=:  0-9-268 :  1  :  0*44725,  fi  =  84°'  18' 


CsL 


7. 


41^ 


m 


Triclinic  \d:i:^=  0;9890  :  1  :  0-42765 

(  a  =  96°  56\  /3  =  89°  55f ,  y  =  90°  21f 

The  crystallization  of  NaCl .  Cl.1 .  2H,0  is  or- 
thorhombic.  By  slow  evaporation  of  a  solution 
in  a  desiccator  crystals  were  formed  over  10*""  in 
length,  having  the  habit  shown  in  fig.  7. 

The  forms  which  were  observed  are : 


b,    010,  %'\ 
771,  no,  I 


P,  111,  1 

d,  021,  2-1 


'^^ 


The  axial  ratio  is  as  follows : 

^^:"^>:c  =  0-6745  :1  :  0-5263 


The  crystals  were  measured  at  a  temperature 
near  0°  C.  and  gave  excellent  reflections. 


Mewitred. 
wi^m,  110^li0=*68''  0' 
m^Pj   110^111  =*46     44 

Sheffield  Scieotiflc  School, 
April,  1892. 


Measared.  Calculated, 

Wa6,   110^010  =  56"*  0'        56'  0' 
6  ^d,  010  A  021  =  43    29        43    32 
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Art.  V. — Fossils  in  the  "  A  rchasan  "  rocks  of  Central  Pied- 
juont  Virginia;  by  N.  H.  Darton,  it.  S.  Geological 
Survey. 

It  is  my  purpose  in  this  paper  to  announce  the  discovery  of 
organic  remains  of  Lower  Silnrian  age  in  the  roofing  slate  at 
Arvon,  Buckinffham  County,  Virginia. 

Piedmont  Virginia  received  considerable  study  from  W. 
B.  Rogers  in  the  State  Surveys  of  1835  to  18iO,  but  I  know 
of  no  subsequent  investigations  of  its  structure.  The  region 
contains  a  great   variety  of  rocks,   comprising  granites  and 

fneisses  in  large  part,  mica  schists,  chlorite  schists,  slates,  mar- 
les,  conglomerates  and  various  basic  intrusives.  The  elastics 
are  considerably  metamorphosed  and  apparently  their  structure 
is  complicated. 

During  a  recent  reconnaissance  of  the  Piedmont  plain  west 
of  Richmond,  in  connection  with  studies  of  its  geomorpholog^, 
I  found  myself  near  the  slate  quarries  at  Arvon,  and  on  visit- 
ing them  1  discovered  the  organic  remains.  The  locality  is  on 
a  small  branch  of  Slate  River  four  miles  southwest  of  feremo 
Bluff  Station  on  the  James  River,  in  the  northeastern  comer 
of  Buckingham  County.  The  belt  is  one  of  several  which 
occur  in  Piedmont  Virginia.  The  slate  is  hard  and  durable 
and  it  is  extensively  quarried  for  the  market.  W.  B.  Rogers 
refers  to  these  slates  in  the  part  on  Virginia  in  Macfarlane's 
Geological  Railway  Guide  and  classifies  them  as  Huronian,  but 
on  what  grounds  is  not  stated.  I  did  not  have  time  to  study 
the  local  geologic  relations  of  the  slates,  but  it  was  noticed  that 
they  lie  in  a  closely  folded  syncline  in  an  altered  sandstone 
which  is  in  turn  underlain  by  a  highly  altered  conglomerate. 
This  conglomerate  increases  in  mass  southward  and  finally  gives 
rise  to  Willis  Mountain,  an  elevated  knob  which  stands  out 
prominently  above  the  Piedmont  plains.  The  cleava^ie  of  the 
slate  dips  S.  70°  E.  >85°.  The  slates  are  cut  by  dikes  of  dia- 
base which  have  caused  some  local  shattering,  and  they  also 
contain  occasional  knots  of  quartz  in  which  Dr.  G.  H.  Williams 
recently  discovered  the  mineral  anatase.* 

The  fossils  occur  in  a  narrow  belt  along  which  the  bedding 
and  cleavage  coincide.  This  portion  of  the  quarry  is  now  in 
greater  part  buried  under  debris,  but  owing  to  the  kindness  of 
Sir.  Williams,  the  superintendent,  I  was  able  to  secure  several 
slabs.  The  remains  are  solely  of  crinoids  and  the  slabs  bear 
many  fragments  of  various  parts  of  these  organisms.  The 
accompanying  figures  represent  the  more  characteristic  forms, 
faithfully  reproduced  by  Mr.  Hunter  of  the  Geological  Survey. 

*  This  Journal,  III,  vol.  xlii,  pp.  431,  432. 
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The  slabs  were  submitted  to  Mr.  C.  D.  Walcott,  who  has 
kindly  made  the  following  statement  regarding  them :  "  I  have 
studied  the  specimens  of  slate  showing  crinoidal  remains  and 
come  to  the  conclusion  that  they  belong  to  the  Trenton-Lor- 
raine or  upper  portion  of  the  Ordovician  fauna.  One  of  the 
larger  columns  is  closely  allied  to  Sckizocrinus  nodoaiis,  and 
some  of  the  heads,  although  indistinct,  approach  closely  to 
Heterocrinus  and  Poteroi^imis.  If  these  suggestions  are  cor- 
rect, the  slates  are  to  be  correlated  with  the  Lorraine  or  Hud- 
son series  and  in  the  same  horizon  with  the  Peach  Bottom 
slates  of  Pennsylvania. 

The  occurrence  of  fossiliferous  beds  in  the  crystalline  area 
of  Virginia  will  greatly  aid  in  the  determination  of  the  age 
and  structure  of  its  rocks,  and  the  discovery  at  Arvon  may  be 
regarded  as  a  most  fortunate  one.  There  are  several  o'ther 
belts  of  slate  in  the  Piedmont  region,  notably  in  Virginia, 
Maryland  and  Pennsylvania,  and  it  seems  probable  that  other 
similar  localities  may  be  discovered.  I  have  recently  explored 
one  of  these  belts  which  comprises  the  easternmost  rock  outcrop 
along  the  edge  of  the  coastal  plain  from  north  of  Fredericks- 
burg to  a  short  way  beyond  the  Occoquan  River,  but  without 
finding  fossils.  This  belt  will  be  designated  the  "Quantico 
slates"  on  the  ''Fredericksburg"  and  ''  Mount  Vernon"  sheets 
of  the  U.  S.  G-eological  Survey.  •  Its  slates  are  similar  to  those 
of  Arvon,  but  somewhat  more  altered,  and  they  were  at  one 
time  worked  to  some  extent  for  roofing  slate,  although  most 
of  the  beds  contain  more  or  less  pyrite  which  renders  them 
unserviceable  for  roofing. 


Art.  VI. — Notes  on  the  Cambrian  Rocks  of  Virginia  and 
the  Southern  Appalachians ^  by  Chas,  D.  Walcott. 

In  connection  with  the  study  of  the  Cambrian  rocks  and 
faunas  of  North  America  I  made  a  hurried  reconnaissance  in 
the  fall  of  1891  of  the  sandstone  series  of  central  Virginia. 
In  company  with  Mr.  Bailey  Willis  and  Prof.  H.  D.  Campbell 
an  examination  was  made  of  the  Balcony  Falls  section  along 
the  line  of  the  James  River.  It  failed  to  bring  to  light  any 
traces  of  organic  remains  other  than  the  Scolithus  that  occurs 
in  the  massive  auartzite  below  the  ferriferous  shale  at  the 
western  end  of  tne  gorge.  On  the  following  day  well  pre- 
served specimens  of  a  species  of  Ptychoparia  were  discovered 
in  the  shale,  by  the  roadside,  about  a  mile  south  of  Natural 
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Bridge  and  one- fourth  of  a  mile  north  of  Gilmore,  on  the 
James  Kiver.  Crossing  the  James  to  the  south  side  and  oppo- 
site Gilmore,  in  company  with  Mr.  Willis,  a  search  was  made 
for  fossils  in  the  strata  above  the  Scolithus  quartzite  of  the 
Balcony  Falls  section.  At  a  point  on  a  small  brook  about 
three-fourths  of  a  mile  from  the  river  a  calcareous  sandstone 
was  found  to  contain  the  heads  of  a  species  of  Olenellus,  like 
OleneUus  Thompsoni^  2l\bo  Hyolithes  Am^ricanus  and  H,  com- 
munis. 

The  discovery  of  these  two  horizons  indicates  that  the  2000 
feet  of  strata  beneath  the  ferriferous  shales  of  the  Balcony 
Falls  section  are  of  Lower  Cambrian  age,  and  that  the  shales 
not  far  beneath  the  dolomitic  limestones  of  the  Natural  Bridge 
section  are  also  of  Cambrian  age.  The  study  of  the  heads  of 
Ptychoparia,  found  in  the  latter  section,  show  them  to  be  so 
closely  related  to  species  from  the  Middle  Cambrian  beds  of 
Tennessee  that  it  is  impossible  to  correlate  the  shales  with  the 
Upper  Cambrian  zone.  Neither  is  there  sufficient  evidence, 
owing  to  the  great  vertical  range  of  the  species  of  Ptycho- 
paria of  this  type,  to  correlate  the  shales  with  the  Middle 
Cambrian  of  Tennessee ;  at  present  we  can  only  state  that  they 
are  of  Cambrian  age,  and  that  the  Cambrian  section  includes 
the  strata  from  the  base  of  the  dolomites,  to  the  Archsean 
rocks  at  the  base  of  the  Balcony  Falls  section.  It  is  not  im- 
probable that  some  of  the  lower  portion  of  the  upper  massive 
dolomites  may  be  of  Cambrian  age. 

The  Doe  Kiver  and  Nolichucky  sections  of  northeastern 
Tennessee  were  next  examined.  Although  no  fossils  were 
found  in  the  lower  quartzites  and  argillites,  it  is  evident  that 
these  sections  may  be  correlated  with  the  Balcony  Falls  sec- 
tion of  Virginia.  In  the  Doe  River  section  there  is  a  Sco- 
lithus sandstone  that  occurs  two  thousand  feet  or  more  above 
the  base  of  the  section,  and  the  superjacent  series  of  calcareous 
and  shaly  beds  are  usually  removed  by  erosion.  The  Noli- 
chucky section  appears  to  be  a  greater  development  of  the 
same  series  as  that  exposed  in  the  Doe  River  go^e. 

In  central  Tennessee  we  were  joined  by  Mi*.  MTR.  Campbell 
and  a  large  collection  of  Cambrian  fossils  was  made  in  the 
vicinity  of  Rogersville,  Tennessee,  and  many  points  relating 
to  the  stratigraphy  of  the  Cambrian  rocks  of  that  region  were 
determined  by  the  finding  of  typical  Cambrian  fossils. 

West  of  Cleveland,  in  East  Tennessee,  the  Olenellus  or 
Lower  Cambrian  fauna  was  found  near  the  base  of  the  Knox 
sandstone  of  Safford  or  the  Rome  sandstone  of  Hayes.  Be- 
neath the  sandstone  a  considerable  thickness  of  limestone 
occurs  and  subjacent  to  this  2000  feet  or  more  of  arenaceous 
and   argillaceous  shales   in   which   the  Olenellus  fauna  was 
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found.  In  the  central  portion  of  the  Ronae  sandstone  series 
of  the  Cleveland  section,  100  to  200  feet  above  the  Olenellus 
fauna,  a  few  species  of  the  Middle  Cambrian  fauna  were  found, 
and  higher  up,  in  the  shales  and  limestones  above  the  sand- 
stone, an  abundant  fauna  that  is  now  referred  to  the  Middle 
Cambrian  zone.  The  same  succession  of  faunas  was  found  in 
the  section  east  from  Post  Oak  Springs,  Roane  County,  Ten- 
nessee. The  Middle  Cambrian  fauna  of  the  sandstone  and 
also  of  the  superjacent  shales  was  found  in  the  section  ten 
miles  east  of  Knoxville  at  Shook's  gap  through  Bay's  Mountain 
where  the  section  is  similar  to  that  west  of  Cleveland.  The 
same  sequence  of  Middle  Cambrian  faunas  was  found  in  the 
Knox  sandstone  and  the  superjacent  shales  immediately  north 
of  Knoxville.  Types  of  this  fauna  also  occur  in  the  Rome 
sandstone  series  at  Rome,  Georgia,  and  in  the  limestones  and 
shales  qf  the  Coosa  series,  in  Coosa  Valley,  north  and  south  of 
Cedar  Bluff,  Alabama. 

After  returning  from  the  field  and  when  studying  the  faunas 
from  the  Tennessee  and  Coosa  Valley  sections,  great  doubt 
arose  as  to  the  correctness  of  placing  the  Coosa  shales  beneath 
the  Rome  sandstone  in  the  stratigraphic  section* 

Dr.  Cooper  Curtice  who  had  studied  the  formations  of  the 
Coosa  Valley,  when  collecting  for  the  U.  S.  Geological  Sur- 
vey in  1885,  was  instructed  to  re-examine  the  sections  of  the 
Coosa  Valley  and  those  to  the  south,  in  Alabama.  This  expe- 
dition resulted  in  the  discovery  of  the  Olenellus  fauna  in  the 
shale  in  the  vicinity  of  Montevallo,  Alabama,  and  in  obtaining 
evidence  showing  that  the  greater  portion  of  the  Coosa  shales 
and  limestones  of  the  Coosa  Valley  were  above  the  Rome 
sandstone  series. 

The  data  obtained  during  the  field  season  enable  me  to  cor- 
relate and  bring  into  their  proper  stratigraphic  position  the 
collections  that  have  been  made  by  geologists  and  for  the  U.  S. 
Geological  Survey  from  the  Cambrian  rocks  of  the  Southern 
Appalachians,  and  to  establish  the  fact  that  during  Middle 
Cambrian  time  there  was  a  great  deposition  of  sediments  that 
now  form  a  series  of  shales  and  limestones  nearly  3,000  feet  in 
thickness.  The  Lower  Cambrian  is  represented  by  the  lower 
portions  of  the  Rome  sandstone,  the  limestone  immediately 
subjacent  and  the  series  of  variegated  arenaceous  and  argilla- 
ceous shales  forming  the  base  of  the  series.  A  study  of  the 
fauna  shows  that  the  typical  Upper  Cambrian  fauna  of  the 
Adirondack  region  of  New  York  and  the  upper  Mississippi 
Valley  area  of  Wisconsin  and  Minnesota,  has  not  yet  been 

*The  Overthrust  Faults  of  the  Southern  Appalachians.  Bull.  Geol.  Soc. 
America,  vol.  ii.  February,  1891,  p.  143,  pi.  3;  also,  Bull.  U.  S.  Geol.  Survey,  No. 
81,  1891,  p.  304. 
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found  in  the  Appalachian  region  south  of  New  York.  In  the 
central  eastern  Tennessee  section  the  upper  limit  of  the  Mid- 
dle Cambrian  fauna  is  in  a  shalv  band,  not  fifty  feet  below  the 
cherty  beds  of  the  Knox  dolomites  which  usually  have  been 
referred  to  the  Lower  Silurian  (Ordovician).  The  recent  dis- 
covery by  Mr.  M,  R.  Campbell  of  the  typical  Calciferons  fauna 
of  the  Nfew  York  section  at  an  horizon  2000  feet  up  from  the 
base  of  the  dolomites  negatives  this  reference  ana  indicates 
that  the  Upper  Cambrian  in  Tennessee  is  represented  by  the 
lower  2000  feet  of  the  Knox  dolomites  in  the  southern  por- 
tion of  the  Appalachian  trough.  In  the  vicinity  of  Rutland, 
Vermont,  the  upper  portion  of  the  Lower  Cambrian  and  all  of 
the  Middle  and  Upper  Cambrian,  if  present,  are  included  in 
the  dolomites  and  marbles  above  the  "  granular  quartzite  "  and 
it  is  probable  that  the  low(jr  portion  of  the  great  limestone 
belt  of  Pennsylvania  and  Virginia  is  of  Cambrian  age. 

The  sediments  of  the  massive  quartzites  of  the  Lower  Cam- 
brian that  extend  from  Northern  Vermont  to  Alabama,  along 
the  line  of  the  eastern  margin  of  the  Cambrian  paleo-Appa 
lachian  sea  were  evidently  accumulated  near  the  shore.  At 
Balcony  Falls,  Virginia  and  Chilhowee  Mountain,*  Tennessee, 
the  Olenellus  fauna  occurs  in  connection  with  the  series,  and 
it  appears  to  be  a  fair  inference  that  while  the  sandstones  of 
Chilhowee,  etc.,  were  being  deposited  in  the  vicinity  of  the 
shore  line  the  variegated  shales  and  limestones  of  the  Lower 
Cambrian  were  being  deposited  farther  off  shore  in  the  sea  to 
the  west.  This  sea  was  shallow  and  from  the  distribution  of 
the  Rome  sandstone  series  the  inference  is  that  much  of  the 
sediment  was  derived  from  the  west.  The  close  of  the  epoch 
in  which  the  coarse  sand  was  deposited  along  the  Virginia 
portion  of  the  shore  was  abrupt  and  the  immediately  super- 
jacent deposits  indicate  a  deepening  of  the  sea.  The  Rome 
sandstone  epoch  was  of  relatively  short  duration  although  of 
wide  geographic  distribution  in  eastern  Tennessee  and  northern 
Georgia  and  Alabama. 

The  conditions  which  resulted  in  the  deposition  of  the 
Knox  dolomites  during  Upper  Cambrian  time  in  the  southern 
portion  of  the  Appalachian  trough  were  probably  connected 
with  the  orographic  movement  that  gave  rise  to  the  more  strik- 
ing phenomena  in  the  northern  portion  of  the  Appalachian 
trough,  and  affected  the  deposition  of  the  sediments  over  the 
interior  of  the  continent. 

In  the  valley  of  the  St.  Lawrence,  especially  at  Point  Levis, 
opposite  Quebec,  a  bed  of  conglomerate  occurs  on  the  south 
shore  of  the  St.  Lawrence  below  Point  Levis  and  also  on  the 
south  shore  of   the    Island  of   Orleans,      This  conglomerate 

♦Bull.  U.  S.  Geol.  Survey,  No.  81,  1801,  p.  302. 
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includes  bowlders  of  limestone  carrying  the  Lower  Cambrian 
fauna.  It  is  from  1,500  to  2,000  feet  belo^^  the  conglomerate 
beds  of  Point  Levis,  which  carry,  in  the  lower  beds,  large 
bowlders  of  limestone  in  which  the  Middle  and  Upper  Cam- 
brian faunas  occur.  By  the  fossils  contained  in  the  matrix  of 
the  upper  conglomerate  series  it  is  known  that  it  is  of  Lower 
Ordovician  age,  and  from  this  it  i«  inferred  that  the  lower 
conglomerate,  carrying  the  Lower  Cambrian  fauna,  occurs  in 
strata  corresponding  to  the  Upper  Cambrian  zone.  The  pres- 
ence of  these  bowlder  conglomerates  of  Upper  Cambrian  and 
Lower  Ordovician  age  proves  that  an  orographic  movement 
occurred  in  the  valley  of  the  St.  Lawrence  by  which  the 
Lower  Cambrian  and  later  Cambrian  limestones  were  elevated 
and  formed  a  portion  of  the  shore  line  during  Middle,  late 
Cambrian  and  early  Ordovician  times. 

From  my  recent  studies  of  the  Cambrian  rocks  and  faunas 
over  the  interior  of  the  continent,  I  conclude  that  the  conti- 
nent was  depressed  during  the  latter  part  of  Middle  Cambrian 
and  the  early  part  of  Upper  Cambrian  times,  so  that  the  sea 
transgressed  across  the  great  interior  of  the  continent  and 
deposited  the  sediments  of  the  interior  continental  province. 

From  the  preceding  statements  it  appears  that  toward  the 
close  of  Middle  Cambrian  time  and  during  Upper  Cambrian 
time  there  was  a  decided  continental  movement,  resulting  in 
the  depression  of  the  interior  continental  plateau,  and  that 
this  was  accompanied  by  the  formation  of  conglomerates  of 
the  older  Cambrian  rocks  in  the  valley  of  the  St.  Lawrence 
and  by  a  great  deposition  of  sediments  of  later  Cambrian 
time  in  the  Southern  Appalachian  region.  In  a  paper  soon  to 
be  published  by  Mr.  Arthur  Keith  of  the  U.  S.  Geological 
Survey  evidence  will  be  presented  of  an  orographic  movement 
in  Eastern  Tennessee  during  this  period. 

The  fauna  of  later  Middle  Cambrian  time,  in  Tennessee, 
Georgia  and  Alabama,  is  essentially  the  same  as  that  of  the 
basal  Cambrian  deposits  about  the  Adirondack  Mountains,  the 
upper  Mississippi  Valley  areas  of  Wisconsin  and  Minnesota, 
those  about  the  Black  Hills  of  Dakota,  and  the  Llano  Hills  of 
Texas. 

The  fauna  of  the  lowest  horizon  in  Wisconsin  includes  Hyo- 
lithes  primordialis,  Ptychoparia  calymenoides,  AgrauloafJ) 
fecunaus,  Crepicephalus  onushca,  and  Agrauloa  Woosteri.  In 
the  next  zone  above,  which  is  also  included  in  the  Middle 
Cambrian,  the  following  species  occur :  Lingula  ampla^  Lingu- 
lepis  pinnaformia^  Oholella  polita^  Hyoliihes  primordialis^ 
Pemphigaspis  bullatciy  Agnostvs  sp,^  Crepicephalus  Texanus^ 
C  loicensiSj  Ptychoparia  connat2iy  P.  opiaUis^  P.  {Loncho* 
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c&phdLus)  Chippewensis  =  P,  (L,)  minor,  Amphion  matutiiia, 
and  Agranlos  thea. 

The  line  of  demarcation  between  the  Upper  and  Middle 
Cambrian  in  Wisconsin  is  drawn  between  the  beds  carrying 
the  preceding  fanna  and  the  superjacent  strata.  These  two 
horizons  also  occur  in  the  Potsdam  sandstone  about  the  Adi- 
rondack Mountains  and  in  the  Cambrian  section  of  the  Llano 
Hills  of  Texas. 

It  was  not  until  after  the  recent  work  in  the  Cambrian  of 
Tennessee,  Alabama  and  Georgia  and  an  extended  comparison 
of  the  faunas  with  those  of  the  Upper  Mississippi  Valley  was 
made,  that  the  line  of  demarcation  between  the  Middle  Cam- 
brian and  Upper  Cambrian  was  drawn.  The  reasons  for  this 
will  be  more  fully  presented  in  a  memoir  now  being  prepared 
upon  the  Middle  Cambrian  rocks  and  faunas. 

In  this  preliminary  study  I  had  the  use  of  the  unpublished 

geologic  maps  of  eastern  Tennessee  that  have  been  prepared 
y  the  Appalachian  Division  of  the  Geological  Survey,  and 
Mr.  Bailey  Willis  gave  me  great  assistance  by  placing  at  my 
service  his  extensive  knowledge  of  the  country  and  its  geol- 
ogy. It  is  anticipated  that  the  work  on  the  Cambrian  rocks 
and  fossils  will  be  continued  in  the  Appalachians  during  the 
field  season  of  1892. 


Art.  YIL — Synthesis  of  the  ininerals   Crocoite  and  Phoe- 
nicochroite;   by  C.  Ludeking,  Ph.D. 

The  synthesis  of  Crocoite  and  Phoenicochroite  may  be  accom- 

f)lished  by  exposing  for  several  months  to  the  air  a  solution  of 
ead  chromate  in  caustic  potash  in  a  flat  dish  or  plate.  It  is 
possible  thus  to  obtain  a  mixture  of  the  crystals  of  the  two. 
Without  any  diflSculty  whatever  the  individual  crystals  can  be 
picked  out  separately  by  means  of  a  pincette  and  obtained  in  a 
state  for  analysis. 

The  following  are  the  analytical  results  obtained : 

Foand,  Calculated. 

Crocoite.  Pb       63-9  6404  + 

CrO,  35-2  35-96- 


99-1  100-00 

Found.  Calculaled. 

Phoenicochroite,  Pb       71*2  7 1*43 — 

CrO^    25-9  26-73  + 

It  appears  therefore  from  this  showing  that  the  chemical 
composition  of  the  artificial  crystals  approximates  quite  closely 
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to  the  calculated  valneB.  Ratber  strong  aolations  of  caustic 
potash  sboald  be  nsed  and  ranch  precipitated  lead  chromate 
dissolved. 

The  crystals  obtained  are  rather  small,  but  can  readily  be 
studied  by  means  of  a  lens,  or  better,  a  microscope.  They 
show  many  modifications  of  the  primitive  form,  as  do  also  the 
natural  crystals. 

I  was  able  to  obtain  by  the  same  method  crystals  of  (2PbO^ 
(H,0),  by  ex)iOsing  to  the  air  for  several  months  a  saturated 
solution  of  litharge  in  caustic  potash.* 

It  was  intended  to  produce  by  this  means  cerussite.  The  re- 
action is  of  course  quite  clear.  The  carbon  dioxide  of  the  air 
acting  upon  the  alkali  converts  it  into  carbonate  which  is  not 
a  solvent  for  PbO.  Consequently  this  latter  very  slowly  sep- 
arates out  as  a  crystalline  hydrate,  being  slightly  soluble  itself, 
a  necessary  condition  for  crystallization. 

So  likewise  the  solution  of  PbCrO^  in  KOH  on  exposure  to 
the  air  yielded  crystals  of  crocoite  and  of  phoenicochroite. 
The  formation  of  the  former  is  due  simply  to  the  slow  abstrac- 
tion of  the  solvent  by  the  carbon  dioxide  of  the  air.  The 
formation  of  the  latter,  the  phoBnicochroite,  is  on  the  contrary 
effected  by  another  reaction,  a  portion  of  the  chromic  acid 
being  appropriated  by  the  KOH.  The  lead  being  thus  de- 
prived 01  the  normal  quantity  of  chromic  acid,  a  basic  com- 
pound, phoenicochroite,  is  formed. 

On  reflection  it  seemed  that  it  might  be  possible  to  obtain 
each  of  these  minerals  alone  instead  of  in  mixture  as  above. 

By  using  a  large  excess  of  very  strong  solution  of  KOH, 
phoenicochroite  only  was  formed,  or  rather  only  very  little 
crocoite.  When  on  the  contrary  much  PbCrO^  is  dissolved 
and  in  addition  K^CrO^  is  added  to  the  KOH  solution,  crocoite 
alone  is  formed.  I  need  not  enter  upon  an  explanation  of 
these  phenomena  as  they  are  almost  self-evident.  I  shall  now 
briefly  describe  the  minerals  obtained. 

The  PbCrO^  crystals  are  oblique  rhombic  prisms  with  many 
modifications.  The  fracture  is  uncertain  ;  luster  adamantine ; 
color  hyacinth-red.  They  are  stable  in  the  air.  The  phoenico- 
chroite crystals  are  tabular,  of  resinous  luster,  of  cochineal 
color  and  appear  to  be  orthorhombic.  They,  like  the  natural 
crystals  have  but  little  stability  and  soon  change  to  a  light  yel- 
low powder  on  exposure. 

At  Beresowsk,  crocoite  and  phoenicochroite  are  associated. 
It  is  not  impossible  that  they  were  formed  also  by  the  action 
of  the  carbon  dioxide  of  the  air  upon  an  alkaline  solution  of 
PbCrO^,  as  in  my  first  experiment. 

*Amer.  Chem.  Journ.,  vol.  xiii,  p.  120. 


Digitized  by  VjOOQIC 


jB.  S.  Tar7* — Origin  of  Terraces  in  Glaciated  Hegions.     59 


Art.  VIII. — A  Hint  with  respect  to  the  Origin  of  Terraces 
in  Glaciated  Regions ;  by  Kalph  S.  Tarr. 

The  exact  method  of  formation  of  terraces  in  rivers  flooded 
by  the  melting  of  the  ice  sheet,  such  rivers  for  instance  as  tlie 
Connecticut,  does  not  appear  to  be  definitely  agreed  upon  by 
geologists.  By  some  they  are  supposed  to  mark  recent  erosion 
in  a  drift-filled  valley.  That  is,  the  supposition  is  that  the 
glacially  fed  rivers  were  overloaded  and  actually  built  up  their 
beds  to  the  height  of  the  higher  terraces,  and  in  this  exten- 
sive deposit  the  present  terraced  valley  has  been  carved.  The 
other  important  theory  is  that  the  terraces  mark  high  stages  of 
floods — that  they  are  flood  plains  at  various  stages  of  flooding. 

It  is  not  my  purpose  to  enter  into  the  subject  in  a  critical 
manner  and  state  the  reasons  pro  and  con  which  have  been 
advanced  by  the  advocates  of  these  theories,  but,  rather,  to 
record  some  observations  in  an  entirely  different  region  where 
the  terraces  of  glaciated  regions  are  being  imitated,  and  where 
the  general  conditions  are  quite  similar  to  those  attending  the 
formation  of  the  terraces  in  glacial  regions,  as  I  understand 
those  conditions.  I  refer  to  the  valley  of  the  Colorado  in 
Central  Texas. 

The  river  is  here  superimposed  upon  a  hard  Silurian  barrier 
which  is  effectually  retarding  its  downcutting  although  the 
river  is  still  well  .above  base  level.  One  of  the  effects  of  this 
retardation  of  development  on  the  region  upstream  from  the 
barrier  is  that  a  temporary  base  level  is  produced  and  the  Colo- 
rado itself  and  the  side  stream  are  for  a  certain  distance  actu- 
ally building  up  their  beds.  The  effect  of  the  barrier  is  thus 
felt  for  forty  or  fifty  miles ;  but  above  this,  the  flow  is  rapid 
and  the  river  is  degrading  its  channel.  Along  the  entire 
course  the  side  streams  are  rapidly  at  work,  and  from  these 
two  sources  much  sediment  is  being  furnished.  Owing  to  the 
many  soft  beds  of  Cretaceous,  Permian  and  Carboniferous 
through  which  these  streams  are  flowing  the  amount  of  sedi- 
ment supply  is  very  great. 

Another  point  of  importance  in  this  connection  is  the  pecu- 
liarity of  rainfall.  The  immediate  region  is  sub-humid,  the 
extreme  head  waters  are  in  a  truly  arid  region.  Consequently, 
the  water  supply,  during  a  great  part  of  the  year,  is  small  in 
amount ;  but  neavy  rains,  vniich  are  of  annual  occurrence, 
and  often  of  greater  frequency,  bring  to  the  river  vast  floods 
of  water  which  the  ordinary  channel  is  totally  unable  to  hold. 
Almost  the  entire  rainfall  has  to  be  carried  off ;  for  the  barren 
soil  holds  but  little,  and  the  violence  of  the  rain  speedily  forms 
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it  into  rills  and  rivulets  even  where  no  drainage  lines  previ- 
ously existed.  While  this  is  written  chiefly  with  reference  to 
the  arid  headwaters  it  applies  almost  eoually  to  all  the  streams, 
even  those  in  the  sub-humid  belt  These  tributaries  during 
the  greater  part  of  the  year  consist  of  a  few  pools,  often  iso- 
lated, sometimes  connected  by  a  slowly  trickling  stream.  These 
pools  are  enclosed  commonly  in  bars  or  delta  bars  in  the  stream 
channel,  formed  during  flood  times,  and  the  violence  of  these 
floods  is  attested  by  the  presence  of  drift  wood  lodged  in 
the  pecan  trees  many  feet  above  the  low  water  stage  of  the 
stream.  In  the  Colorado  these  are  sometimes  at  an  elevation 
of  fifty  feet  above  the  low  water  surface. 

If  I  am  not  mistaken,  we  have  here  all  the  essential  condi- 
tions which  were  present  at  the  time  of  the  formation  of  the 
terrace  deposits  at  the  close  of  the  Glacial  period.  There  is  a 
slope  so  moderate  that  the  excessive  sediment  load  cannot  be 
transported,  and  the  greatest  excess  of  sediment  comes  at  times 
of  great  flood,  for  the  sudden  downpour  of  water  upon  the  arid 
plains  carries  along  to  the  streams  a  vast  bulk  of  sediment. 
There  are,  owing  to  the  peculiarities  of  rainfall,  periods  of 
extreme  high  water  and  of  extreme  low  water,  and  also  occa- 
sional irregular  periods  of  moderate  rise.  In  the  glacial 
regions  the  south-flowing:  stream  had  a  moderate  slope,  proba- 
bly less  slope  than  at  present.  Vast  quantities  of  sediment 
were  furnished  not  alone  by  the  supply  from  the  ice  itself  but 
also  from  the  beating  of  the  rains  and  the  washing  action  of 
the  melting  snows  upon  the  barren  soil  recently  uncovered 
from  beneath  the  ice  and  as  yet  unclothed  by  vegetation.  In 
the  summer,  excessive  floods  must  have  been  furnished  by  the 
melting  of  the  ice ;  in  the  winter  the  water  flow  was  at  a 
minimum;  and  in  the  spring  and  autumn,  when  the  melting 
was  moderate  and  somewhat  spasmodic,  floods  of  medium 
height  occurred. 

The  parallel  of  conditions  seems  almost  exact ;  let  us  see  how 
the  results  coincide.  In  the  Colorado  the  great  floods  rise 
foi-ty  and  fifty  feet  and  spread  out  over  broad  flood-plains  on 
either  side,  and  these  flood  plains  are  of  fine  silt,  well  strati- 
fied. This  is  the  upper  flood-plain  terrace.  In  this  flood- 
plain  a  broad  channel  is  carved,  which,  in  moderate  floods,  is 
either  partly  or  completely  filled  by  the  water.  It  is  however 
a  double  channel,  for  in  it,  either  on  one  side  or  on  the  other, 
or  even  in  the  middle,  there  is  a  smaller  channel  about  half  its 
width  and  this  is  the  ordinary  channel, — the  one  in  which 
water  is  always  to  be  found.  So,  rising  from  this  inner  chan- 
nel, one  comes  to  a  terrace  which  is  formed  by  the  moderate 
floods  and  which  is  always  present  on  one  side,  sometimes  on 
both.     It  is  in  general  more  sandy  than  the  other  or  upper 
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terrace  first  mentioned,  which  is  reached  by  a  steep  ascent  of 
fifteen  or  twenty  feet. 

Nor  are  these  two  terraces  the  only  ones.  Above  the  upper 
flood  plain  terrace  is  a  third  or  still  higher  one  which  is  much 
less  distinct  and  more  irregular  and  coarser  in  composition.  It 
is  formed  by  the  wash  of  material  from  the  bordering  hill-side 
and  the  detritus  brought  in  by  the  side  streams.  This,  in  the 
case  of  exceptionally  high  floods,  is  partly  worked  over  so  as 
to  form  an  indistinct  upper  terrace. 

I  ask  any  student  of  the  subject  if  this  is  not  a  description 
which  would  apply  almost  equally  well  to  terraces  in  glacial 
regions.  As  I  know  the  terraces  of  the  Connecticut,  there  are 
one  or  two  lower  terraces  sometimes  present  on  one,  sometimes 
on  both  sides  of  the  river.  Above  these  is  a  higher,  broader, 
flood  plain  terrace,  often  of  great  breadth,  and  frequently  ex- 
tending over  low  divides, — ^just  such  a  terrace  as  would  be 
expected  from  a  great  flood  which  the  ordinary  river  was 
absolutely  unable  to  take  care  of.  Still  above  this  is  an  upper 
terrace,  irregular  in  distribution,  and  in  form,  often  of  a  coarse 
nature,  and  particularly  so  below  the  mouths  of  side  streams 
where  it  is  delta-like  in  form.  This  is  a  terrace  comparable,  on 
a  larger  and  more  perfectly  developed  scale,  with  the  upper- 
most terrace  of  similar  origin  in  the  Colorado. 

When  I  saw  the  terraces  of  the  Colorado  two  years  ago  I 
was  immediately  impressed  with  the  resemblance  to  the  terraces 
of  the  Connecticut  both  in  form  and  in  cause,  the  difference 
being  only  in  the  source  of  the  floods.  Later  I  have  examined 
the  Connecticut  terraces  in  Massachusetts  with  this  resemblance 
in  mind  and  it  is  so  striking  that  I  desire  to  put  it  on  record, 
and  to  call  attention  to  the  fact  that  terraces  are  being  formed 
on  a  smaller  though  not  by  any  means  an  insignificant  scale, 
which  imitate  the  terraces  of  glacial  regions  in  form  and  in 
general  canse.  In  the  one  case  the  floods  and  sediment  supply 
arise  chiefly  from  the  climatic  accident  of  desiccation,  while  in 
the  other  they  are  the  result  of  glacial  accident.  Otherwise 
the  resemblance  seems  to  be  quite  perfect. 
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Art.  IX. — On  the  Occurrence  of  a  Quartz  Bowlder  in  the 
Sharon  Coal  of  Northeastern  Ohio  ;  by  Edward  Orton. 

It  is  well  known  that  bowlders,  ranging  in  size  from  a  few 
cubic  inches  to  several  cubic  feet,  are  occasionally  met  with  in 
coal  seams,  buried  partially  or  entirely  in  the  substance  of  the 
coal.  Facts  of  this  sort  have  been  reported  both  in  this  country 
and  in  England.  The  State  of  Ohio  has  furnished  the  largest 
number,  if  not  all,  of  the  cases  reported  in  this  country.  In 
England,  Mark  Stirrup,  Esq.,  Hon.  Secretary  of  the  Manchester 
Geological  Society,  has  reported  in  the  Transactions  of  this 
Society  a  number  of  such  occurrences,  all  derived  from  mines 
in  the  neighborhood  of  Manchester. 

The  Ohio  examples  that  have  been  hitherto  put  on  record 
are  without  exception,  so  far  as  my  observation  goes,  composed 
of  gray  quartzite,  presenting  the  appearance  of  pretty  thor- 
oughly metamorphosed  sandstones.  By  correspondence  and 
comparison  of  specimens  with  Mr.  Stirrup,  I  learn  that  the 
English  bowlders  of  the  coal  agree  very  closely  with  ours  in 
composition  and  general  character. 

All  of  these  bowlders  are  well  rounded  and  some  that  I  have 
seen  show  remarkably  smooth  surfaces  which'  suggest  the  pol- 
ish due  to  glacier  action  rather  than  the  abrading  agency  of 
water  in  motion.  They  are  always  partially  covered  with 
closely  adhering  coal,  which  shows  more  or  less  of  the  striated 
structure  known  as  slickensides. 

The  Ohio  bowlders  have  all  been  derived  from  a  single  coal 
seam,  viz :  the  Middle  Kittanning  seam  of  our  scale,  and  thus 
far,  only  from  the  western  boundary  of  this  seam,  in  Perry  and 
Vinton  counties.  Furthermore,  a  single  mine  in  the  last 
named  county,  viz :  the  main  mine  at  Zaleski,  has  furnished 
thus  far  all  the  specimens.  According  to  the  testimony  of  the 
superintendent  and  miners,  scores  of  these  bowlders  have 
sometimes  been  found  in  working  out  a  single  room.  The 
first  example  in  Ohio  was  recorded  by  the  late  Prof.  E.  B. 
Andrews  (Geol.  Survey  of  Ohio,  Kept,  of  Progress,  1870,  p. 
78.)     This  bowlder  came  from  the  mine  named  above. 

By  far  the  largest  of  this  class  of  bowldera  thus  far  known 
was  found  buried  in  the  coal  of  the  same  seams  at  Shawnee, 
Perry  Co.,  in  1876.  The  seam  was  normal  above  it  and  also 
below.  The  weight  of  this  bowlder  is  not  less  than  400  lbs. 
It  is  preserved  in  the  geological  museum  of  the  State  Uni- 
versity at  Columbus. 

A  new  example  of  these  bowlders  of  the  coal  has  lately  been 
brought  to  light  that  differs  so  much  from  the  examples  pre- 
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viously  reported  that  it  deserves  brief  mention.  It  was  found 
in  the  Marshall  Mine  of  Mineral  Ridge,  Mahoning  county,  by 
Mr.  F.  C.  GoflE,  of  Cleveland,  who  is  extensively  engaged  in 
mining  and  shipping  coal,  and  it  was  removed  from  its  bed  by 
his  own  hands.  The  thickness  of  the  coal  seam  is  three  feet 
and  the  bowlder  lay  two  feet  below  the  top.  The  seam  was 
in  no  wise  disturbed  in  its  structure  by  the  presence  of  the 
bowlder.  The  weight  of  the  block  in  its  present  condition, 
after  the  removal  of  a  few  small  fragments,  is  10  lbs.  10  oz. 
It  measures  about  eight  inches  in  its  longest  dimension.  The 
coal  is  very  closely  welded  to  it  over  part  of  its  surface  and  it 
shows  the  usual  slickensided  appearance. 

The  noteworthy  points  in  regard  to  this  bowlder  are  the 
following,  viz :  (1)  It  is  the  first  so  far  as  I  know  that  has 
been  reported  from  this  coal  seam,  viz :  the  Sharon  Seam  or 
the  lowest  coal  of  the  Conglomerate  Coal  Measures  of  Pennsyl- 
vania and  Ohio.  (2)  It  is  not  a  metamorphic  sandstone  ox 
quartzite,  like  those  previously  named,  but  is  an  excellent  ex- 
ample of  vein  quartz.  (3)  It  has  not  been  worn  or  shaped  in 
any  way  by  either  water  or  glacial  action,  but  is  angular  as  if 
freshly  broken  from  the  parent  mass. 

No  full  and  satisfactory  explanation  of  this  line  of  facts  has 
yet  been  advanced.  The  quartzite  above  named  could  perhaps 
be  accounted  for  without  referring  them  in  origin  to  the  meta- 
morphic rocks  of  the  older  regions  of  the  continent.  May  not 
an  ordinary  sandstone  pebble  or  bowlder  of  the  Coal  Measures 
have  been  converted  into  a  quartzite  by  the  solution  of  a  por- 
tion of  its  silica  through  the  agency  of  the  organic  acids  that 
accompanied  the  formation  of  coal.  But  like  the  white  quartz 
pebbles  of  the  great  Sharon  Conglomerate  that  underlies  this 
coal  seam,  the  bowlder  here  descnbed  must  be  referred  to  the 
ledges  of  the  eastern  or  northera  mountain  borders  of  the 
continent  as  it  then  existed.  The  pebbles  of  the  conglomer- 
ate never  exceed  a  few  ounces  in  weight  and  their  rounded 
forms  and  smooth  surfaces  bear  witness  to  an  immense  amount 
of  abrasion  before  they  reached  their  present  resting  places ; 
but  the  bowlder  in  question,  with  its  weight  of  11  lbs.  and  its 
sharp  and  unworn  edges  and  with  its  anomalous  location,  cer- 
tainly shows  a  very  different  history. 

Columbus,  Ohio,  May  13th,  1892. 
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Art.  X. — A  Method  of  Inc7*ea8ing  the  Range  of  the  Capil- 
lai^y  Electrometer;  by  John  Whitmore. 

[Contributions  from  the  Sloane  Physical  Laboratory  of  Yale  College.] 

The  value  of  the  capillary  electrometer  as  an  instrument  of 
scientific  research  is  now  generally  recognized,  and  its  applica- 
tions are  becoming  more  numerous,  both  as  an  extremely  deli- 
cate test  for  small  electromotive  forces  and  also,  as  recently 
pointed  out  by  Burch,*  as  a  means  of  studying  variations  of 
differences  of  potential.  In  view  of  these  facts  it  is  desirable 
that  the  range  of  this  instrument  be  increased. 

The  characteristic  curve  of  Lippmann's  electrometer  is 
slightly  diflEerent  from  a  straight  line  for  electromotive  forces 
from  0*00  to  0*45  volt,  and  consequently  the  instrument  is 
most  applicable  to  the  measurement  of  potential-difierences 
not  exceeding  0*50  volt,  although  the  direct  measurements  may 
be  carried  to  about  I'OO  volt,  since  1*20  volts  are  required  to 
produce  continuous  electrolysis  in  the  instrument  The  follow- 
ing experiments  were  undertaken  in  order  to  determine,  if  the 
range  of  the  electrometer  could  be  increased  by  arranging  cells 
in  series. 

If  a  capillary  tube  is  filled  with  alternate  globules  of  mercury 
and  dilute  sulphuric  acid,  the  difference  of  potential  which  can 
be  maintained  between  the  extremities  of  the  series  increases 
proportionally  with  the  number  of  globules  of  mercury.  Thus 
with  three  globules,  this  diflference  of  potential  is  about  three 
volts.  If  the  terminals  of  the  apparatus  are  connected  with 
the  poles  of  a  battery,  the  globules  immediately  begin  to  move 
along  the  tube,  and  the  motion  continues  until  the  opposing 
force  produced  by  the  polarization  of  the  globules  of  mercury 
causes  the  electric  current  to  cease.  The  extent  of  the  move- 
ment of  the  globules  increases  with  the  electromotive  force. 

Since  the  end  of  each  of  the  globules  nearer  the  negative 

Eole  of  the  system,  receives  oxygen  polarization  and  the  other 
ydrogen  polarization,  one  surface  of  the  mercury  is  speedily 
oxidized.  Such  an  oxidation  causes  the  movement  of  the 
globules  to  become  irregular,  and  prevents  an  accurate  measure- 
ment of  electromotive  force.  In  Lippmann's  electrometer,  the 
surface  of  the  mercury,  which  receives  oxygen  polarization,  is 
about  ten  thousand  times  greater  than  that  upon  which  hydro- 
gen is  accumulated,  and  by  this  means  the  surface  density  of 
the  oxygen  is  diminished  in  the  same  ratio,  and  hence  also  the 
oxidation  is  decreased. 
In  order,  therefore,  to  obtain  a  similar  relation  between  the 

*Proc.  Roy.  Soc.  of  London,  vol.  xlviii,  p.  89. 
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surfaces  of  the  mercury,  thistle  tubes  of  the  following  descrip- 
tion were  prepared.  The  larger  part,  by  the  head  of  the  thistle, 
had  a  diameter  of  about  two  centimeters,  while  the  stem  had 
a  capillary  bore  of  0*6  millimeter.  The  tubes  were  so  bent, 
that  each  was  U-shaped.  The  lower  portion  of  the  tubes  was 
filled  with  pure  mercury,  and  the  upper  part  with  dilute  sul- 
phuric acid.  The  electric  connections  were  so  made,  that  the 
larger  surfaces  of  the  mercury  received  oxygen  polarization. 

By  reason  of  the  described  arrangement,  a  diflEerence  of 
potential  between  the  terminals  of  a  cell  causes  the  mercury 
column  in  the  vertical  portion  of  the  capillary  tube  to  descend, 
and  this  depression  is  easily  measured.  Hence  cells  thus  con- 
structed may  be  used  singly  as  electrometers ;  and  when  joined 
in  series,  they  form  a  convenient  apparatus  for  the  proposed 
investigation. 

As  a  means  of  obtaining  any  desired  fraction  of  the  electro- 
motive force  of  a  Daniell  cell,  a  standard  box  of  high  resist- 
ances and  a  few  Daniell  cells  were  arranged  in  series.  Then 
the  terminals  of  the  electrometer  were  connected  by  movable 
contact  pieces  to  the  resistance  box  so  that,  as  different  resist- 
ances were  inserted  between  the  contact  pieces,  the  electro- 
motive force  to  which  the  electrometer  was  subjected  was  pro- 
portionally varied.  During  the  course  of  the  investigation, 
curves  showing  the  relation  between  the  deflection  and  the 
electromotive  force  were  carefully  drawn. 

When  two  electrometer-cells  of  the  form  already  described, 
were  placed  in  series,  the  curve  deviated  but  slightly  from  a 
straight  line  for  electromotive  forces  from  0*0  to  0-9  volt. 
However  as  the  electromotive  force  is  made  to  exceed  this,  the 
deflections  increase  more  slowly,  and  the  entire  curve  when  plot- 
ted was  found  to  be  of  the  well  known  form  described  by  Lipp- 
mann.  It  is  to  be  noted,  however,  if  curves  be  drawn  for  a 
single  cell  and  for  two  cells  in  series,  that  although  the  curves 
have  the  same  form,  the  electromotive  forces  correspond- 
ing to  any  portion  of  the  second  curve  are  twice  as  great  as 
those  of  the  similar  portion  of  the  first  curve.  With  three 
cells  in  series,  the  curve  did  not  depart  greatly  from  a  straight 
line,  until  the  difference  of  potential  was  about  1'35  volts,  then 
the  curve  rapidly  flattened  and  reached  its  maximum  at  about 
2-7  volts. 

These  experiments  show  that  the  electromotive  force  is  cut 
down  by  each  additional  cell,  and  hence  that  a  series-electrom- 
eter may  be  thus  constructed,  which  will  conveniently  meas- 
ure the  electromotive  force  of  the  single  cells  ordinarily  used 
in  the  laboratory. 

In  order  to  discover  how  the  total  electromotive  force,  to 
which  the  electrometer  is  subjected,  divides  itself  among  the 
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several  cells,  the  difference  of  potential  at  the  terminals  of 
each  of  the  three  cells  of  a  series  was  measared  by  means  of 
Thomson's  auadrant  electrometer.  It  was  thus  observed  that 
the  potential  fell  regularly  along  the  series  for  the  lower  elec- 
tromotive forces.  For  example,  when  the  total  difference  of 
potential  was  09  volt,  at  the  tenninals  of  the  first  cell  it  was  0*3, 
and  between  the  tirst  and  second  0"6  volt.  The  distribution  of 
the  potential  among  the  different  cells  was  less  uniform  after 
a  total  electromotive  force  of  1*2  volts  was  exceeded.  This 
was  possibly  due  to  electrolytic  conduction  which  occurred  in 
the  apparatus.  Moreover  the  caliber  of  each  of  the  capillary 
tubes  was  not  exactly  uniform  throughout  the  entire  length  of 
the  tube.  Thus,  these  measurements  clearly  indicate,  that 
with  precisely  similar  cells,  the  fall  of  potential  in  each  cell  of 
the  series  is  the  same. 

It  was  next  sought  to  put  the  apparatus  in  a  convenient 
form.  Since  it  seemed  desirable  to  dispense  with  the  use  of 
the  cathetometer  in  reading  the  deflections  of  the  mercury 
columns  in  order  that  the  reading  might  be  obtained  more 
quickly,  experiments  were  made  with  cells  in  which  a  small 
electromotive  force  produced  a  large  deflection  of  the  mercury 
columns..  This  is  notably  the  case  in  the  electrometer  used  by 
Pratt,*  in  which  the  capillary  tube  is  placed  nearly  horizontal 
and  its  inclination,  and  hence  also  the  sensitiveness  of  the 
instrument,  can  be  varied  at  will.  Thus  the  mercury  column 
can  be  caused  to  move  over  a  space  of  a  centimeter  for  a  dif- 
ference of  potential  of  0*1  volt,  and  hence  a  deflection  corre- 
sponding to  a  thousandth  of  a  volt  can  be  easily  read  directly 
on  a  scale  placed  behind  the  moving  column. 

Accordingly  three  cells  of  this  form  were  joined  in  series 
and  a  difference  of  potential  was  maintained  between  the  ter- 
minals of  the  series.  It  was  found,  however,  that  very  often, 
when  the  electromotive  force  was  applied,  the  mercury  col- 
umns of  the  three  cells,  instead  of  movjng  together  in  one 
direction  until  the  positions  of  equilibrium  were  reached,  began 
a  remarkable  seesawing,  the  mercury  column  of  one  cell  ad- 
vancing while  those  of  the  other  cells  retreated.  This  balanc- 
ing continued  through  a  considerable  interval  of  time,  since, 
as  the  positions  of  equilibrium  were  approached  the  vibrations 
were  very  slow.  Moreover  a  given  electromotive  force  at 
different  times  caused  the  mercury  columns  of  the  several  cells 
to  arrange  themselves  differently,  so  that  no  measurement  of 
electromotive  force  could  be  made  by  observing  a  single  cell 
of  the  series.  However,  when  simultaneous  readings  of  the 
three  cells  were  made,  and  the  curves  drawn,  though  these 
curves  were  irregular  in  form,  yet  the  mean  of  the  three  curvea 
wajB  of  the  normal  type. 

♦  This  Journal,  yol.  xxxv,  1 889. 
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It  was  learned  by  means  of  a  series  of  experiments  that 
this  irr^^ular  movement  was  in  great  measure  caused  by  a  dif- 
ference in  the  capacity  and  sensitiveness  of  tiie  different  cells. 
For  when  cells  of  the  same  capacity  were  adjusted  to  the  same 
sensitiveness  and  joined  in  series,  the  columns  moved  together 
without  seesawing.  The  diflSculty  of  preparing  cells  of  pre- 
cisely the  same  capacity  and  of  adjusting  them  to  the  same 
sensitiveness  is  a  serious  objection  to  the  employment  of  cells 
of  this  kind.  Hence  the  electrometer  composed  of  cells  in 
which  the  movement  of  the  mercury  columns  takes  place  in  a 
vertical  tube  seemed  on  the  whole  more  advantageous. 

Several  diflferent  forms  were  tried.  One  arrangement  con- 
sisted of  three  conical  tubes  each  drawn  to  a  very  fine  bore. 
These  were  placed  one  above  the  other  the  capillary  stem  of 
each  containing  mercury  and  dipping  into  the  acid  of  the  next 
lower  cell.  The  electrometer  in  this  form  is  somewhat  diflS- 
cult  to  fill,  and  its  action  uncertain,  owing  to  the  formation 
of  bubbles  of  gas  in  the  capillary  tubes. 

To  cause  the  movement  of  the  mercury  in  all  the  cells  to  be 
simultaneous,  and  of  the  same  extent,  as  well  as  to  secure 
compactness  and  better  insulation,  the  form,  represented  in 
fig.  1,  was  finally  adopted. 

A  series  of  bulbs  was  blown,  spaced  at  equal  intervals  along 
a  capillary  tube,  the  diameter  of  the  bulbs  being  two  centime- 
ters, that  of  the  tube  0*6  of  ^ 
a    millimeter.       Then    the 
tube  was   so  bent,  that  the 
whole  contained  as  many  U- 
shaped  parts  as  there   were 
cells.      One  arm   of  each  U 
was  provided    with    a    bulb 
which  was  situated  at  a  dis- 
t  a  n  c  e     of    two- thirds    the 
height   of   the    U    from  the 
base.       The   apparatus    was 

easily  filled  by  connecting  it  with  an  aspirator  and  drawing 
in  sufficient  pure  mercury  to  half  fill  each  bulb.  Then  by  the 
same  means  dilute  sulphuric  acid  was  added  until  the  capillary 
tubes  and  the  upper  portion  of  the  bulbs  were  filled  and  all  air 
bubbles  excluded.  Previous  to  the  filling  of  the  instrument,  a 
solution  of  pure  sulphuric  acid  and  distilled  water,  consisting  of 
four  volumes  of  water  to  one  of  acid,  was  prepared,  and  allowed 
to  stand  until  all  the  bubbles  of  gas  formed  by  the  mixture  had 
disappeared.  This  was  afterwards  diluted,  if  necessary,  with 
distilled  water  to  the  proper  proportion. 

The  operation  of  filling  the  electrometer  was  greatly  facili- 
tated by  having  the  tube  which  entered  the  upper  part  of  the 
last  bulb  of  the  series  of  much  greater  caliber  tnan  that  of  the 
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others.  In  the  iDstmment  which  was  used,  this  tube  had  a 
diameter  of  about  a  centimeter,  and  its  extremity  was  curved 
so  that  the  terminal  portion  was  at  right  angles  to  the  vertical 
portion.  Platinum  wires  were  used  as  electrodes  in  the  usual 
manner. 

As  Lippmann  has  noted,  the  electrometer  acquires  a  charge 
during  the  operation  of  filling,  and  therefore  the  instrument 
should  be  short-circuited  for  an  hour  or  more  before  using  so 
that  the  charge  may  be  wholly  dissipated,  and  the  mercury  col- 
umns stand  at  their  true  zero  position.  After  the  instrument 
had  been  filled  in  the  manner  above  described,  it  was  firmly 
mounted  and  placed  on  a  pier  before  the  cathetometer.  Then 
the  curve  showing  the  relation  between  the  deflections  was 
constructed.  Thus  the  deflections  of  the  mercury  column  for 
electromotive  forces  varying  from  zero  to  that  of  three  Daniell 
cells  were  observed  on  the  cathetometer  scale  in  hundredths  of 
a  millimeter,  the  readings  being  taken  for  electromotive  forces 
differing  from  each  other  by  01  of  that  of  a  Daniell  cell. 

From  this  curve  the  absolute  value  of  the  electromotive 
force  corresponding  to  any  deflection  can  be  determined  by 
taking  the  deflection  produced  by  a  standard  Clark  cell  as  a 
means  of  comparison.  For  example,  it  was  found  that  the 
electromotive  force  of  the  Clark  standard  was  1-360  times 
that  of  a  Daniell  cell,  and  hence  the  electromotive  force  of 
the  Daniell  cell  was  1'051  volta  Accordingly,  when  the 
curve,  or  empirical  graduation  of  the  instrument  has  been 
made,  the  voltage  of  other  cells  can  be  obtained  immediately 
and  with  great  facility.  The  curve  gives  directly  the  value  of 
the  cell  in  terms  of  the  Daniell  cell,  and  hence  as  shown  above, 
the  absolute  value  of  the  Daniell  cell  having  been  determined, 
that  of  the  cell  which  was  to  be  measured,  is  calculated  by 
simple  proportion. 

It  is  noteworthy,  that  not  only  is  this  electrometer  valuable 
as  a  means  of  quickly  comparing  low  electromotive  forces,  but 
that  a  high  degree  of  accuracy  is  attainable  in  this  comparison. 
Thus  a  number  of  cells,  which  had  been  standing  in  the  labo- 
ratory were  measured  with  the  capillary  electrometer  and 
immediately  afterward  the  absolute  values  found  by  the  com- 
pensation  method. 
This  method  of  meas- 
urement is  shown  in  the 
annexed  diagram,  fig.  2. 
Thomson's  electric  bal- 
ance gave  the  value  of 
the  strength  of  current. 

The  following  table 
exhibits  the   results   of        G,  Galvanometer.    R,  R,  Resistanoe  Boxes. 

the  measurements.  c,  Ceii  tested.        K,  Key. 
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Thomson's  Balance  Capillary 

Cell.  Method.  electrometer. 

Silver  Chloride 1*020  volts.  1*025  volts. 

Dry  Cell 1*446     "  1-440      " 

Leclaneh6 1*453     "  1*468      " 

Daniell ..1*076     «  1*081      " 

The  deflection  produced  by  the  Daniell  cell  was  2*59™"  while 
the  standard  Clark  cell  moved  the  mercury  column  3*20"". 

Thus  it  is  seen,  that  even  with  a  cathetometer  reading  only 
to  hundredths  of  a  millimeter  and  having  a  telescope  of  low 
magnifying  power,  values  correct  to  one-half  of  one  per  cent 
m^  be  obtained. 

The  mercury  columns  of  the  electrometer  move  almost 
instantaneously  to  the  position  of  equilibrium,  and  the  exact- 
ness with  which  measurements  may  be  made  depends  chiefly 
upon  the  magnifying  power  of  the  telescope  of  the  cathetom- 
eter, and  the  precision  with  which  its  scale  is  graduated.  It 
is  doubtless  possible  to  determine  with  this  electrometer,  the 
electromotive  force  of  a  cell  correctly  to  0  001  of  a  volt. 

The  accuracy  with  which  measurements  may  be  made  may 
be  increased  somewhat  by  increasing  the  number  of  cells  which 
are  used  in  series.  When  four  cells  are  employed  the  part  of 
the  curve  coiTcsponding  to  electromotive  forces,  which  are  in 
the  neighborhood  of  lo  volts,  is  very  nearly  a  straight  line, 
and  the  curve  ascends  more  rapidly  than  that  characteristic  of 
three  cells.  Hence  a  change  in  the  deflection  produced  by  a 
small  variation  in  the  electromotive  force  is  more  readily  ob- 
served. 

There  is  another  advantage  in  using  more  cells  than  seem  to 
be  absolutely  necessary.  If  the  electrometer  is  used  repeatedl}^ 
to  measure  electromotive  forces  which  are  nearly  equal  to  that 
which  produces  continuous  electrolysis,  the  curve  of  the  instru- 
ment is  less  constant  from  day  to  day,  so  that  if  great  accuracy 
is  wished  for  the  curve  should  be  redetermined. 

If  after  long  continued  use  it  becomes  desirable  to  refill  the 
instrument,  it  is  easily  accomplished ;  since  ordinarily  the 
mercury  need  not  be  replaced,  but  can  be  sufficiently  cleansed 
bv  drawing  some  acid  of  the  standard  solution  through  the 
electrometer  by  the  aid  of  the  aspirator. 

The  results  of  this  investigation  may  be  briefly  stated  as 
follows :  The  arrangement  of  capillary  cells  in  series  does  not 
alter  essentially  their  behavior,  when  they  are  subjected  to  an 
electromotive  foice.  Hence,  in  each  cell  of  a  series  of  like 
cells,  the  fall  of  potential  is  the  same.  Moreover,  when  a  cur- 
rent of  electricity  passes  through  this  apparatus,  the  displace- 
ment of  the  mercury  columns  varies  with  the  electromotive 
force,  according  to  the  same  law  as  in  a  single  cell,  so  that  the 
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curve  showing  the  relation  between  the  deflections  and  the 
electromotive  force  for  any  cell  of  the  series  is  of  the  well- 
known  form.  Accordingly,  by  means  of  cells  of  proper  con- 
struction, a  simple  and  accurate  series-electrometer  may  be 
made ;  such,  also,  that  its  range  may  be  increased  by  increasing 
the  number  of  component  cells. 

These  experiments  were  made  in  the  Sloane  Laboratory  of 
Tale  College,  at  the  suggestion  and  under  the  direction  of 
Prof.  A.  W.  Wright,  to  whom  I  express  my  thanks,  for  his 
assistance  and  kindly  encouragement. 

Jane  1,  1892. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Lumiiiosity  of  Coal  Gas  Flames, — An  investigation 
has  recently  been  made  by  Lewes  as  to  the  causes  of  the  lumin- 
osity in  the  flame  of  ordinary  coal  gas  Previous  researches  have 
proved  beyond  question  the  presence  of  solid  particles  in  a  lumin- 
ous flarae ;  leaving  the  mode  of  decomposition  by  which  they  are 
set  free,  for  subsequent  determination.  Figures,  obtained  by  the 
analysis  of  the  flame  gases  taken  at  diflerent  heights,  show  that 
the  hydrogen  in  the  gas  burns  first,  and  that  the  saturated  hydro- 
carbons also  undergo  a  rapid  decrease  in  quantity  ;  while  the 
unsaturated  hydrocarbons  diminish  only  very  slowly  until  the 
top  of  the  inner  non-luminous  zone  has  been  reached,  after  which 
they  quickly  disappear.  Carbon  monoxide  also  increases  largely 
up  to  the  top  of  the  luminous  cone.  Evidently  this  slow  decrease 
of  the  unsaturated  hydrocarbons  in  the  inner  zone  suggests  that 
the  luminosity  is  due  to  these  compounds,  and  especially  to  acet- 
ylene. Experiment  showed  that  in  the  interior  of  the  luminous 
flame  the  hydrocarbons  begin  at  once  to  undergo  decomposition 
giving  rise  to  acetylene  which  constitutes  over  70  per  cent  of  the 
unsaturated  hydrocarbons  present  at  the  top  of  the  inner  non- 
luminous  zone.  By  means  of  a  thermo  couple  it  was  found  that 
in  a  flat  flame  consuming  7  cu.  ft.  of  gas  per  hour,  the  temperature 
at  a  half  inch  from  the  burner  was  500°  and  at  the  commencement 
of  luminosity  at  the  apex  1267°;  while  that  at  the  center  was 
1014°  rising  to  1216°  at  the  luminous  edges.  In  the  center  of  the 
luminous  portion  the  temperature  was  1166°,  while  at  the  top  of 
the  flame  it  was  a  maximum  1368°.  Evidently  then  in  the  inner 
non-luminous  zone,  the  hydrocarbons  heated  up  by  the  combus- 
tion of  the  hydrogen  and  some  of  the  methane,  undergo  certain 
changes  which  result  in  their  conversion  into  acetylene ;  and  this 
being  an  endothermic  compound,  breaks  up  when  a  sufficient 
temperature  is  attained.     Owing  however  to  the  diluting  action 
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of  the  nitrogen  and  other  flame  gases  this  does  not  take  place 
antil  the  top  of  the  non-luminous  zone  is  reached,  where  at  a  tem- 
perature of  a  little  over  1000^  the  decomposition  occurs  with  an 
increase  of  temperature,  and  the  liberated  carbon,  being  heated  to 
incandescence,  gives  the  luminosity  to  the  flame.  The  author 
divides  the  flame  into  three  zones.  In  the  inner  zone  the  tempera- 
ture rises  to  1000°  to  1  lOO''  at  the  apex,  and  here  the  gaseous  con- 
stituents undergo  various  decompositions  culminating  in  the  pro- 
duction of  acetylene,  and  some  hydrogen  and  carbon  monoxide. 
In  the  middle  or  luminous  zone  the  temperature  ranges  from  1100^ 
to  1300°,  and  here  the  acetylene  formed  in  the  inner  zone  is 
decomposed  with  the  deposition  of  carbon,  which  at  the  moment 
of  separation  is  heated  to  incandescence  by  its  own  combustion  as 
well  as  by  that  of  the  hydrogen  and  carbon  monoxide  and  so  gives 
luminosity  to  the  flame.  In  the  outer  zone  the  cooling  and  dilu- 
ting influence  of  the  entering  air  render  a  thin  layer  non-lumin- 
ous and  finally  extinguishes  it.  With  reference  to  the  loss  of 
luminosity  in  the  Bunsen  flame  the  author  attributes  it :  (1)  to 
the  chemical  activity  of  the  oxygen  of  the  air  which  burns  up  the 
hydrocarbons  before  they^an  form  acetylene;  (2)  to  the  diluting 
influence  of  the  nitrogen  which  increases  the  temperature  required 
to  form  acetylene;  (3)  to  the  cooling  effect  of  the  air  introduced. 
— J.  Chem.  ISoCy  Ixi,  322,  April,  1892.  G.  F.  b. 

2.  On  the  measurement  of  Osmotic  Pressure,  —  It  is  well 
known  that  the  osmotic  pressure  of  a  salt  solution  calculated 
irom  the  electrolytic  dissociation  formula  of  Arrhenius  does  not 
agree  with  that  observed  directly,  but  is  always  smaller.  Thus 
for  potassium  nitrate,  the  osmotic  pressure  as  observed  by  Pfefl^er 
in  a  solution  containing  0  8  gram  in  100  grams,  is  1304™'°,  while 
that  calculated  is  2530.  For  a  one  per  cent  solution  of  potassium 
sulphate,  the  observed  value  is  1758'°'°,  the  calculated  is  2480. 
Tammann  has  investigated  the  cause  of  this,  and  has  pointed  out 
the  fact  that  it  is  due  to  the  permeability  of  the  membrane  of 
copper  ferrocyanide  used  in  the  experimental  determinations. 
Obviously  if  this  membrane  is  not  perfectly  impermeable  to  the 
salt  employed  (or  to  its  ions)  the  observed  osmotic  pressure  will 
be  less  than  it  really  is.  Hence  by  determining  the  rate  at  which 
the  salt  is  difl'used  through  the  membrane  a  correction  may  be 
obtained  for  the  observed  values.  Moreover,  according  to  the 
author,  the  copper  ferrocyanide  membrane  may  bo  obtained  in 
two  distinct  forms.  The  first  of  these  when  fresh  is  transparent, 
elastic  and  extremely  thin  and  allows  water  to  pass  through  it 
freely.  The  second  is  opaque,  dark  brown  in  color,  only  slightly 
elastic  and  much  less  permeable  to  water.  This  form  is  produced 
when  the  solutions  of  copper  sulphate  and  potassium  ferrocyanide 
remain  in  contact  with  each  other  for  a  long  time  on  the  sur- 
face of  a  porous  tile.  The  presence  of  sodium  sulphate  in  the 
copper  sulphate  solution  facilitates  its  formation.  For  the  best 
results  the  solutions  should  be  more  concentrated  than  those  sug- 
gested by  Pfeffer ;  say  a  normal  solution  of  copper  sulphate  and 
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a  ODe-tbird  normal  eolation  of  potassium  ferrocyanide.  The 
author  proposes  a  moditication  of  Pfeffer's  method  of  determining 
osmotic  pressure.  It  4s  based  on  the  fact  that  if  two  solutions 
having  different  osmotic  pressures  be  placed  on  opposite  sides  of 
a  semi-permeable  membrane,  water  will  flow  through  the  mem- 
brane into  the  solution  whose  oamotic  pressure  is  the  higher ;  so 
that  by  applying  external  pressure  till  balance  is  attained,  the 
differential  osmotic  pressure  is  determined.  Tiie  apparatus  used 
is  figured  in  the  paper. — Zeitschr,  physikaL  Chem.y  ix,  97,  Feb., 
1892.  G.   F.  B. 

3.  On  the  Coefficient  of  Molecular  Depression  of  Phenol, — 
Two  numbers  have  been  given  for  the  molecular  depression-con- 
stant of  phenol ;  one  by  Raoult,  obtained  with  phenol  of  a  melt- 
ing point  37*8°,  by  means  of  naphthalene,  camphor,  benzoic  acid 
and  thymol,  which  has  the  value  67*5 ;  the  other  by  Eykmann, 
which  is  76.  Juillard  and  Cubchod,  using  a  synthetically  pre- 
pared specimen  of  phenol  having  a  melting  point  41*2^,  find  that 
the  molecular  depression-constant  varies  with  the  dissolved  sub- 
stance. Thus  for  example  for  water,  /?-naphthol,  paratoluidine, 
aniline,  nitrobenzene,  phthalic  anhydride,  diphenic  anhydride,  a- 
naphthylamine,  amyl  alcohol,  licinic  acid  and  salol,  they  get  the 
value  68'5 ;  while  for  normal  ethereal  salts,  especially  those  of 
dibasic  acids  such  as  methyl  diphthalate,  ethyl  succino-succinate, 
ethyl  malonate,  ethyl  succinate,  ethyl  aceto-acetate,  the  value  ob- 
tained is  75-81.  In  their  experiments  the  amount  of  depression  was 
determined  in  a  long-necked  thick  glass  flask  of  40-50<^^  capacity, 
by  noting  the  solidifying  point  of  the  phenol  after  the  addition 
of  the  other  substance. — Bull.  Soc.  Chem,,  III,  vi,  237  ;  J,  Chem. 
/Soc,  Ixii,  565,  May,  1892.  g.  p.  b. 

4.  On  the  determination  of  Vapor  Density  under  Diminished 
Pressure, — Schall  has  devised  a  method  of  determining  the 
density  of  a  vapor  under  diminished  pressure,  based  on  the  fact 
that  when  gas  is  evolved  in  a  bulb  uniformly  heated,  this  bulb 
being  provided  with  a  manometer,  the  increase  of  pressure  is 
independent  of  the  point  at  which  the  gas  is  evolved  and  is 
exactly  proportional  to  the  amount  of  gas  or  vapor  produced, 
provided  the  space  shut-off  by  the  manometer  may  be  considered 
constant.  It  is  a  modification  of  the  method  already  described 
in  this  Journal.*  The  bulb  used  is  moderately  thick,  of  about 
150^*^  capacity,  having  two  constrictions  equidistant  in  its  length 
to  hinder  the  diffusion  of  the  vapor  into  the  neck,  and  provided 
with  a  lateral  tube  connected  with  a  manometer,  and  interme- 
diately with  a  bell  jar  for  the  evolution  of  carbon  dioxide.  »For 
the  method  of  using  it  and  the  calculation  we  must  refer  to  the 
original  paper. — J.  prakt,  Ch.^  II,  xlv,  134,  1892.  g.  f.  b. 

5.  Jahrbuch  der  Chemie,  Bericht  tlber  die  wichtigsten  Fort- 
schritte  der  reinen  und  angewandten  Chemie,  herausgegeben  von 
Richard  Meyer,  Braunschweig.  I  Jahrgang,  1891.  544  pp., 
8vo.     Frankfurt  a.  M.,  1892  (H.  Bechhold).— This  new  Jahrbuch 

♦This  Journal,  III,  xl,  415,  November,  1890. 
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is  designed  to  present  the  most  important  steps  of  progress  in  the 
yarioas  departments  of  chemistry  for  the  past  year.  It  differs 
from  other  publications  of  the  kind,  particularly  the  invaluable 
and  long  honored  Jahresbericht  der  dhemiCy  in  that  it  does  not 
attempt  an  exhaustive  treatment  of  the  subject,  but  does  give  a 
well-selected  digest,  brief  enough  to  be  issued  very  promptly. 
This  first  volume  was  actually  put  on  sale  but  a  few  months  after 
the  close  of  the  year  whose  record  it  gives ;  this  is  a  remarkable 
achievement  and  if  this  promptness  can  be  maintained  it  will 
ensure  the  success  of  the  work.  The  volume  is  divided  into 
fourteen  chapters  written  by  nearly  as  many  well-known  authors 
most  of  whose  names  appear  on  the  title  page  as  regular  co- 
editors.  The  following  are  subjects  of  some  of  the  chapters  : 
Physical  Chemistry  by  W.  Nernst,  also  Inorganic  by  G.  fcrUsp, 
Organic  by  C.  A.  Bischoff,  Physiqjogical  by  P.  Rohmann,  etc. ; 
on  Metallurgy  by  E.  F.  DUrre,  Technology  of  Carbohydrates  and 
Fermentation  processes  by  M.  Marcker  and  L.  Btthring,  and  of 
Fats  by  R.  Bendedikt;  Photography  by  J.  M.  Edcr  and  E. 
Valenta.  The  book  is  handsomely  printed  and  well  bound  in 
cloth. 

6.  Chemical  calculations  with  explanatory  notes,  problems  and 
answers.  Specially  adapted  for  use  in  Colleges  and  Science 
Schools,  by  K.  Lloyd  Whiteley  ;  with  a  preface  by  F.  Clowes. 
100  pp.  London  and  New  York,  1892  (Longmans,  Green  &  Co.) 
— This  is  a  useful  collection  of  well  selected  problems  under  the 
different  departments  of  chemistry,  accompanied  by  full  explana- 
tions of  the  methods  involved  and  the  solution  of  typical  cases ; 
the  answers  to  the  problems  are  given  in  a  supplementary  chapter. 

7.  Contributions  to  the  knowledge  of  the  discharge  of  the 
Ruhmkorff  coil ;  by  Tom  Moll  ;  translated  from  the  Bei blatter 
zu  den  Annalen  der  Physik  und  Chemie,  xv,  No.  2,  1891. — From 
the  older  investigations  on  the  nature  and  duration  of  induction 
currents  the  author  gives  a  description  of  the  methods  and  results 
of  Nyland,  Rood,  Cazin,  Mayer  and  Holtz.  He  himself  employed 
a  photographic  method;  an  image  of  the  spark  was  thrown  by  a 
small  concave  mirror  on  a  rapidly  revolving  circular  disc  which 
carried  a  sheet  of  sensitive  paper.  The  time  of  closing  the  pri- 
mary current  and  the  velocity  of  rotation  of  the  disc  were  regis- 
tered on  a  revolving  cylinder,  which  also  received  the  trace  of  a 
vibrating  tuning-fork.  A  large  induction  coil  was  used,  its  length 
being  57^",  its  diameter  21*^";  the  strength  of  the  primary  cur- 
rent was  measured  with  a  tangent  compass.  As  a  general  thing 
the  electrodes  furnishing  the  spark  were  connected  with  a  Leyden 
jar  having  an  interior  coating  of  about  772  square  centimeters. 
The  external  resistance  in  the  secondary  circuit  was  always  the 
same  and  quite  small. 

By  a  study  of  the  photographs  thus  produced  the  author  ascer- 
tained the  entire  duration  of  the  discharge,  the  intervals  of  time 
between  the  partial  discharges  and  their  mean,  and  this  work  was 
performed  for  sparks  of  various  lengths,  for  primary  currents  of 
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different  strength,  for  varioas  capacities  of  the  Leyden  jar  and 
for  different  forms  of  electrodes. 

It  was  found  that  as  the  length  of  the  spark  increases,  the 
total  duration  diminishes,  which  is  also  the  case  with  the  number 
of  partial  sparks  composing  it,  but  the  interval  of  time  between 
the  partial  sparks  increases.  For  long  sparks  the  mean  interval 
of  time  u  between .  the  partial  sparks,  was  proportional  to  the 
square  root  of  the  spark  length,  ^/L  For  short  sparks,  u  appears 
to  be  greater  than  this  law  would  demand ;  also  the  time-intervals 
between  the  two  first  partial  discharges  increase,  as  it  appears,  a 
little  more  rapidly  than  ^/i.  When  the  length  of  the  spark  was 
made  less  than  0*75°^™  sparks  were  produced  even  on  completing 
the  primary  circuit,  but  in  this  case  the  number  of  the  partial 
discharges  was  much  smaller  and  their  mean  distance  apart 
greater,  than  when  the  circuit  was  broken. 

When  the  strength  of  the  primary  current  was  diminished  the 
number  of  the  partial  dischanges  and  the  total  duration  were 
quickly  curtailed,  but  the  mean  time-interval  of  the  partial  dis- 
charges stood  in  an  inverse  ratio  to  the  current's  strength.  This 
applies  also  to  the  value  of  the  first  time-interval. 

As  the  capacity  of  the  Leyden  jar  was  increased  the  discharge 
consisted  of  a  series  of  partial  sparks  with  increasing  time-inter- 
vals. When  the  capacity  was  diminished  the  number  of  the 
partial  sparks  increased  and  the  discharge  finally  appeared  partly 
continuous.  Since  this  continuous  light  did  not  sufliciently  affect 
the  sensitive  paper,  the  author  made  direct  observations  with  a 
revolving  mirror,  and  ascertained  that  the  aureole  was  preceded 
by  a  few  and  followed  by  a  greater  number  of  partial  sparks. 
As  the  capacity  was  made  smaller,  the  number  of  these  sparks 
was  diminished,  till  finally  the  aureole  formed  the  greatest  part 
of  the  <liseharge.  As  long  as  the  discharge  was  entirely  disrup- 
tive, a  diminution  of  the  capacity  diminished  the  time-interval 
between  the  partial  sparks,  but  increased  the  total  duration.  For 
short  sparks,  however,  the  total  duration  appears  to  approach  a 
constant  quantity  and  to  be  independent  of  the  capacity  ;  it  is 
about  0023  sec. 

As  the  electrodes  were  made  more  pointed  the  entire  duration 
increased,  also  the  number  of  the  partial  sparks,  but  the  mean 
time-interval  between  them  was  diminished.  When  the  electrodes 
were  made  very  sharp,  completion  of  the  primary  current  pro- 
duced sparks,  but  their  number  was  small.  All  the  experiments 
show  that  the  time-interval  between  the  partial  sparks  increases 
toward  the  end  of  the  discharge,  the  last  interval  often  being  twice 
as  great  as  its  predecessor.  The  author  has  expressed  the  rela- 
tion of  the  time-intervals,  reckoning  from  the  first  partial  spark, 
by  an  exponential  function,  and  the  agreement  between  calcula- 
tion and  observation  is  very  good  if  the  last  three  time-intervals 
are  neglected. 

The  results  in  their  main  features  agree  veiy  well  with  the 
observations  of  Rood,  but  differ  from  the  others  to  a  degree  that 
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is  not  insignificant.  Mr.  Moll  studied  the  cause  of  these  varia- 
tions, and  repeated  the  work  of  Nyland,  Mayer  and  Holtz  with 
arrangements  similar  to  those  used  by  these  investigators.  It 
proved  in  all  these  experiments  that  the  nature  of  the  discharge 
was  a  little  altered  by  the  mode  of  observation  itself,  since  in  the 
experiments  of  Nyland  and  Mayer  the  spark  struck  through  a 
sheet  of  paper,  and  in  those  of  Holtz  the  spark  itself  was  in  rota- 
tion.    From  these  defects  the  arrangement  of  Rood  is  free. 

If  it  is  desired  to  give  an  explanation  of  the  discharge  of  a 
Ruhmkorff  inductorium,  it  is  necessary  at  the  outset  to  decide 
whether  the  partial  sparks  are  directed  in  the  same  way  or  not. 
Mr.  Moll  allowed  the  sparks  to  fall  on  a  rotating  disc  of  paper, 
the  electrodes  on  either  side  of  the  paper  being  at  slightly  differ- 
ent distances  from  the  center  of  the  disc.  The  holes  made  by  the 
sparks  were  always  opposite  one  of  these  electrodes,  consequently 
all  the  sparks  have  the  same  direction. 

Starting  from  this  fact  the  author  endeavors  to  explain  the 
.  phenomena  of  the  discharge  by  the  assumption  that  the  electricity 
cannot  flow  with  sufficient  rapidity  to  the  electrodes,  and  that 
partial  sparks  are  produced  as  soon  as  the  difference  of  potential 
nas  reached  a  certain  value,  dependent  on  the  distance  of  the 
electrodes  apart,  etc.  The  approximative  statements  which  with 
the  help  of  known  facts  one  can  easily  deduce  from  these  condi- 
tions, agree,  as  a  whole,  very  well  with  the  results  previously 
found  by  experiment. — k.  a. 

8.  Photography  i?i  Colors. — The  Comptes  Rendns  for  Feb- 
ruary, 1891,  contained  a  note  on  color  photography  describing  a 
method  employed  by  M.  G.  Lippmann,  who  had  been  able  to  pro- 
duce photographically  the  image  of  the  spectrum  with  all  its 
colors.  M.  G.  LiPMANN  has  communicated  further  results  to  the 
Comptes  Rendus  for  April  25  (No.  17,  vol.  cxiv).  The  following 
is  a  translation  of  his  last  communication : — In  the  first  communi- 
cation which  I  had  the  honor  to  make  to  the  Academy  on  this 
subject,  I  stated  that  the  sensitive  films  that  I  then  employed 
failed  in  sensitiveness  and  isochromatism,  and  that  these  defects 
were  the  chief  obstacle  to  the  general  application  of  the  method 
that  I  suggested.  Since  then  I  have  succeeded  in  improving  the 
sensitive  him,  and,  although  much  still  remains  to  be  done,  the 
new  results  are  sufficiently  encouraging  to  permit  me  to  place 
them  before  the  Academy. 

On  the  albumen-bromide  of  silver  films,  rendered  orthochromatio 
by  azalin  and  cyanin,  I  have  obtained  very  brilliant  photographs 
of  spectra.  All  the  colors  appear  at  once,  even  the  red,  without 
the  interposition  of  colored  screens,  and  after  an  exposure  varying 
from  five  to  thirty  seconds.  On  two  of  these  clich&s  it  has  been 
remarked  that  the  colors  seen  by  transmission  are  very  plainly 
complementary  to  those  that  are  seen  by  reflection.  The  theory 
shows  that  the  complex  colors  that  adorn  natural  objects  ought 
to  be  photographed  just  the  same  as  the  simple  colors  of  a  spec- 
tram.     The  four  clichis  that  I  have  the  honor  of  submitting  to 
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the  Academy  represent  faithfully  some  object  sufficiently  diverse, 
a  stained  glass  window  of  four  colors,  red,  green,  blue,  yellow: 
a  group  of  draperies;  a  plate  of  oranges,  surmounted  by  a  red 
poppy;  a  many-colored  parrot.  These  show  that  the  shape  is 
represented  simultaneously  with  the  colors.  The  draperies  and 
the  bird  required  from  five  to  ten  minutes'  exposure  to  the  electric 
light  or  the  sun.  The  other  objects  were  obtained  after  many 
hours  of  exposure  to  a  diffuse  light.  The  green  of  the  foliage, 
the  gray  of  the  stone  of  a  building  are  perfectly  reproduced  on 
auother  cliche.  The  blue  of  the  sky,  on  the  contrary,  was  repre- 
sented as  indigo.  It  remains  then  to  perfect  the  orthochromatism 
of  the  plate,  and  to  increase  considerably  its  sensitiveness." — 
Nature^  May  5,  1892.  j.  t. 

9.  Dispersion  of  the  Ultra  Red  Hays. — At  a  meeting  of  the 
Physical  Society  in  Berlin,  March  11,  Dr.  Rubens  discussed  this 
subject.  He  had  extended  his  observations  from  wave-length 
5'1pi  to  wave-length  8/i.  The  curves  representing  changes  in 
index  of  refraction  do  not  agree  with  Professor  Langley's  views 
on  this  subject.  To  wave-length  6-3yu  Rubens's  curves  coincide 
with  those  of  Langley.  But  beyond  this  point  the  interpolations 
of  Professor  Langley  do  not  agree  with  Rubens's  observations. 

J.  T. 

10.  Electrical  Resistance  of  the  Human  Body, — The  frequent 
controversies  which  have  taken  place  upon  this  subject,  especially 
in  relation  to  accidents  from  electrical  currents,  make  a  late  paper 
by  M.  VON  Frey  (Verh.  d.  X.  Congr.  f.  innere  Medizin,  Wies- 
baden, 1891,  p.  377)  of  considerable  interest.  The  author  em- 
ployed Kohlrausch's  method  of  determination  of  the  electrical 
resistance  of  electolytes.  The  metric  length  in  Kohlrausch's  ap- 
paratus was  supplanted  by  a  circularly  formed  channel,  the  ends 
of  which  were  not  joined.  This  channel  was  filled  with  a  sul- 
phate of  zinc  solution.  The  conducting  electrodes  were  greatly 
increased  in  size  over  those  employed  by  Kohlrausch.  With 
large  electrodes  suitably  proportioned  to  the  extent  of  surface  of 
the  wet  hands,  the  resistance  of  the  body  from  hand  to  hand  was 
found  to  be  small,  300  to  400  ohms.  The  author  discusses  the  re- 
lation between  the  size  of  electrode  and  the  resistance  of  the 
human  skin.  According  to  him  the  seat  of  the  electric  polariza-  • 
tion  of  the  body  is  in  the  outer  surface  and  layers  of  the  skin.— 
Beibldtter  Amu  der  Physik  und  Chemiey  No.  4,  1892,  p.  217. 

J.  T. 

II.    Geology  and  Mineralogy. 

1.  The  History  of  Volcafiic  Action  in  the  Area  of  the  British 
Isles,  by  Sir  Archibald  Gbikie.  Anniv.  Address  Geol.  Soc. 
London,  Feb.  19,  1892.  120  pp.  8vo. — This  second  part  of  Sir 
Archibald  Geikie's  Memoir  on  volcanic  action  in  the  British 
Islands  treats  of  the  evidences  of  such  action  and  the  volcanic 
phenomena  and  rocks,  in  connection  with  the  Old  Red  Sandstone ; 
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the  Devonian  of  England  and  Wales ;  the  Carhoniferous,  and  the 
Permian.  After  the  Permian  period,  no  volcanic  or  igneous 
eruptions  occurred  again  until  the  Tertiary. 

In  the  author's  summary  of  the  remarkable  facts  he  has  pre- 
sentedy  the  following  are  some  of  the  conclusions  stated.  The 
belts  of  volcanic  activity  are  ranged  nearly  north  and  south, 
along  the  length  of  the  British  Islee  from  the  south  of  Devon- 
shire to  the  Shetlands ;  but  no  trace  of  them  occurs  through 
eastern  England,  from  Berwick  to  Exeter,  if  we  except  the  dikes 
in  the  northern  counties.  Moreover,  the  Central  Highlands  of 
Scotland  were  exempt  through  all  the  time. 

In  this  western  tract,  volcanic  activity  was  almost  continuous 
from  the  Archsean  to  the  close  of  the  Paleozoic;  and  reappeared 
in  the  Tertiary.  The  absence  from  the  Mesozoic  accords  with 
the  general  quiet  over  the  European  continent. 

The  sites  of  the  eruptions  were  not  determined  by  lines  of 
faults ;  but  there  is  this  remarkable  fact  that  they  were  con6ned 
to  the  low  grounds  and  valleys,  such  as  the  great  depression 
between  the  Highland  Mountains  and  the  Southern  Uplands, 
which  was  the  chief  center  of  volcanic  activity  in  Scotland  during 
the  later  half  of  the  Paleozoic.  Again  in  the  Tertiary,  the  great 
outpouring  took  place  in  the  long  depression  between  the  Outer 
Hebrides  and  the  mainland  of  Scotland.  The  volcanic  action 
occurred  on  sinking  rather  than  rising  areas,  that  is,  on  areas 
where  a  great  thickness  of  sediments  were  formed.  There  was  a 
gradual  diminution  in  the  extent  of  the  eruptions  from  the  Silu- 
rian to  the  Permian,  when  there  were  only  small  scattered  vents. 
In  the  earlier  Paleozoic  lava-eruptions  were  most  abundant,  while 
in  the  later  in  very  many  cases  there  were  only  ejections  of  ashes, 
making  tufa-cones. 

In  each  eruptive  period  the  Tertiary  included,  there  was  a 
change  sooner  or  later  from  basic  to  acidic  lavas.  When  a  second 
period  commenced  in  the  same  region  there  was  usually  again  the 
same  succession — a  beginning  with  basic  and  an  ending  with 
acidic.  The  eruptions  of  the  Northwest  Highlands  were  solely 
fissure  eruptions ;  and  the  same  kind  prevailed  in  the  Tertiary. 
At  other  periods  the  eruptions  were  connected  with  true  volcanic 
vents.  A  great  crater-like  cavity  was  sometimes  left,  that  became 
filled  with  the  following  rock-deposits. 

2.  New  Jersey  Geological  Report  for  1891,  John  C.  Smock, 
State  Geologist.  270  pp.  8v(>.  Trenton,  N.  J.,  1892. — This  volume 
contains  an  extended  account  of  the  drift  formations  of  New 
Jersey  by  Prof.  R.  D.  Salisbury,  illustrated  by  several  photo- 
types of  the  region  of  the  terminal  moraine  and  of  other  bowlder 
scenes,  and  also  by  many  wood-cuts,  and  a  map.  The  paper  is  an 
important  contribution  to  the  general  subject  of  glacial  phe- 
nomena. 

Mr.  Lewis  Woolman  reports  on  the  horizons  of  Artesian  wells 
in  Southern  New  Jersey  and  other  parts  of  the  Atlantic  border. 
He  mentions  the  occurrence  of  one  or  two  upper  horizons  de- 
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pendent  on  clay  deposits,  occurring  in  Cape  May  County;  three 
wells  at  Sea  Isle  City  affording  water  at  depths  of  35,  150  and 
160  feet.  At  a  greater  depth  varying  from  382  to  697  feet,  in 
the  region  of  Atlantic  City,  water  is  obtained  from  fine  hard  clays 
and  sandy  clays  over  300  feet  thick ;  and  this  3C0-foot  stratum 
contains,  through  nearly  every  foot,  great  numbers  of  diatoms, 
so  that  it  is  a  Diatomaceovs  day-bed.  The  bed  consequently  is 
easily  identified.  Two  levels  of  water-supply  occur  in  it,  one 
midway  in  it,  and  the  other  just  below.  The  former  at  Atlantic 
City  has  a  depth  of  650  feet.  The  depth  increases  to  the  south- 
east at  a  rate  of  25  or  26  feet  a  mile.  A  water-horizon  beneath 
the  clay-bed  at  Atlantic  City  has  a  depth  of  700  to  720  feet. 
This  Diatomaceous  clay-bed  extends  under  part  of  Delaware  and 
Maryland.  In  the  New  Jersey  Geological  Report  for  1890  Mr. 
Woolworth  mentions  the  large  Diatom  bed  near  Richmond,  Vir- 
ginia, described  by  Prof.  WT  B.  Rogers,  as  of  the  same  charac- 
ter and  as  possibly  related  in  position.  He  cites  from  Prof. 
Rogers  the  fact  of  diatoms  brought  up  from  a  depth  of  558  feet 
in  a  well-boring  at  Fortress  Monroe. 

3.  Progress  of  the  Ke7itucky  Geological  Survey^  John  R. 
Pboctkr,  State  Geologist. — A  Report  of  progress  on  the  work  of 
the  Survey  for  1890,  1891  (to  January,  1892)  has  been  recently 
published.  It  announces  that  Prof.  Crandall  has  been  continuing 
the  investigation  of  the  Coal  region  of  Eastern  Kentucky,  with 
reference  to  a  general  report  on  the  coal-field  as  a  whole,  in  which 
the  extension  and  the  equivalency  of  the  various  coal-beds  will  be 
treated.  The  study  of  the  Coal-field  and  of  the  general  geology 
of  Western  Kentucky  has  also  gone  forward  under  Prof.  Lough - 
ridge,  J.  H.  Crump,  J.  B.  Hoeing  and  E.  O.  Ulrich,  and  their 
reports  will  soon  be  published  on  Livingston,  Meade,  Warren, 
Caldwell  and  Crittenden  Counties. 

4.  Verity cky  Geological  Survey :  Beport  on  Petroleum 
Natural  Gas  and  Asphalt  Rock  of  Western  Kentucky ^  by 
Edward  Orton.  233  pp.  8vo.  Frankfort,  Ky. — Prof.  Orton,  after 
reviewing  in  an  instructive  way  the  history  of  petroleum  dis- 
coveries and  the  origin  of  mineral  oil  and  gas,  treats  of  thek* 
modes  of  geological  occurrence,  and  the  bearing  of  the  facts  on 
practical  questions  connected  with  exploration  for  gas  and  oil. 
Composition,  fuel-value  and  uses  are  other  subjects,  considered. 
Next  the  facts  connected  with  the  geology  of  Kentucky,  its  bor- 
ings, wells,  gas  and  petroleum,  are  given  in  detail.  There  is  no 
better  authority  on  the  subject  than  Prof.  Orton.  A  fine  colored 
map  of  the  geology  of  Kentucky  accompanies  the  Report. 

5.  Geological  Survey  of  Alabama, — Bulletin  No.  2  (1892), 
on  the  Phosphates  and  Marls  of  Alabama,  by  Prof.  E.  A.  Smith, 
State  Geologist  (82  pp.  8vo)  has  been  issued. 

6.  The  3tanni7igton  Oil-field  and  the  history  of  its  develop- 
menty  by  I.  C.  White  (G.  S.  Amer.,  iii,  187.) — In  this  excellent 
paper  Prof.  White  sustains  the  view  brought  out  by  him  first  in 
1885,  that  success  in  boring  for  gas  in  Pennsylvania  depends  as  a 
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general  thing,  on  the  existence  of  an  anticline  in  the  subjacent 
rocks. 

7.  J^ew  Lower  Silurian  Lamellihranchiatay  chiefly  from  Min- 
nesota rocks ;  E.  O.  Ulkich.  From  the  Nineteenth  Ann.  Kept. 
Greol.  and  Nat.  Hist.  Surv.  of  Minnesota,  March,  1892. — Thirty 
new  species  are  added  to  the  known  fauna  of  these  rocks.  They 
are  referred  mainly  to  the  genera  Tellinomya,  Modiolopsis,  and 
Cypricardites.  A  new  genus,  Plethocardia,  is  proposed  for  two 
species  related  to  the  Cyrtodonta  cordiformis  of  Billings.  The 
author  recognizes  the  confusion  existing  among  the  genera  of 
Silurian  lamellibranchs  and  his  references  are  therefore  somewhat 
provisional.  c.  e.  b. 

8.  Der  Peloponnes,  Versnch  einer  Landeskunde  auf  geolo- 
gischer  Grundlage,  nach  Ergehnissen  einiger  Beisen  von  Dr. 
Alfbed  Philippson.  pp.  273-642,  Svo.  Berlin,  1892  (R.  Fried- 
lander  &  Sohn). — This  volume  is  the  concluding  Part  II  of  the 
valuable  work  on  the  Peloponnesus  noticed  in  vol.  xlii  of  this 
Journal  (page  173).  It  continues  the  topographic  description  of 
the  country,  and  then  treats  of  the  geological  structure,  climate, 
vegetation,  fauna,  and  other  topics  of  general  interest.  The 
illustrations  include  maps  and  sections  and  a  series,  of  four  large 
colored  topographic  maps,  which  are  both  hypsometric  and 
bathymetric. 

9.  Chiastolite  in  fossiliferous  metamorphic  slates  of  Portugal. 
— In  an  Upper  Silurian  slate  of  the  Province,  of  Minbo,  near  Val- 
longo,  Portugal,  J.  F.  N.  Delgado  has  found  along  with  Grap- 
tolites,  multitudes  of  small  crystals  of  chiastolite.  Further,  a 
Lower  Silurian  slate  of  Serra  de  Marao,  containing  a  specimen  of 
the  trilobite  Ulcenvs  Lusitanicus  with  portions  of  its  test  silici- 
fied,  and  a  cast  of  a  Redonia  (probably  R,  Duvaliana  Rou.), 
contains  crystals  of  chiastolite  in  the  rock  and  also  in  the  casts  of 
the  fossils.  Kjerulf  has  described  a  similar  case  from  near  Ekern, 
in  the  inferior  part  of  the  Lower  Silurian,  where  the  rock,  which 
is  profoundly  altered,  contains  large  numbers  of  chiastolite  crys- 
tals along  side  of  the  graptolites. 

10.  Striated  Garnet  from  JBuckfleld,  Maine;  by  W.  S.  Bayley 
(communicated). — In  glancing  over  the  literature  of  garnets  in 
Hintze's  Haiidbuch  dcr  Mineralogie  so  few  were  the  notices  of 
striated  garnets  met  with,  that  it  is  thought  worth  while  to  men- 
tion the  existence  of  good  examples  of  them  in  large  numbers  at 

*  Buckfield,  Oxford  Co.,  Maine.  Unfortunately  but  one  specimen 
from  this  locality  remains  in  the  writer's  possession,  but  this  is  so 
similar  in  appearance  to  others  obtained  irom  the  same  place  that 
its  description  will  serve  as  a  description  of  nearly  all  found 
there.  The  crystal  to  which  reference  is  made  is  an  icositetra- 
hedron  (211)  about  two  inches  in  diameter,  modified  by  small 
faces  of  the  dodecahedron  (110).  All  the  planes  are  deeply 
striated  parallel  to  the  combination  edge,  211 :  110,  and  these 
striatioDS  are  so  deep  in  the  icositetrabedral  faces  that  the  reflec- 
tions of  the  dodecahedron  may  easily  be  obtained  from  them.     In 
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coDsequence  of  this  oecillation  between  the  two  planes  mentioned, 
the  crystal  appears  to  be  made  ap  of  a  lot  of  lozenge-shaped 
plates  piled  one  upon  another,  with  the  smallest  forming  the 
dodecahedral  bounding  plane  of  the  crystals,  and  the  edges  of 
the  pile  the  deeply  striated  icositetrahedral  faces.  In  small  frag- 
ments the  mineral  is  transparent  and  has  the  usual  deep  red  color 
of  almandine.     Its  exact  method  of  occurrence  is  unknown. 

11.  Blowpipe  Analysis  hy  3 '  ^^^TiA.v'BB..  Authorized  English 
edition  by  James  Taylor.  Second  edition,  revised  and  enlarged. 
173  pp.  16mo.  London  and  New  York,  1892  (Macmillan  and 
Co.). — This  excellent  little  book  has  had  a  well-deserved  recogni- 
tion since  the  issue  of  the  first  edition  in  1879,  and  in  the  present 
new  edition  it  is  still  better  equipped  for  usefulness. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  The  Great  Earthquake  of  Japan^  1891;  by  Prof.  John 
Milne,  F.R.S.,  and  Prof.  W.  K.  Burton,  C.E.,  with  plates  by 
K.  Ogawa.  Yokohama,  1892. — On  the  morning  of  October  28, 
1891,  there  occurred  in  Japan  an  earthquake,  which,  even  in  that 
much  shaken  country,  is  already  known  as  "  the  Great  Earth- 
quake." Its  greatest  force  was  exerted  in  the  neighborhood  of 
Gifu  and  Nagoya,  towns  some  fifteen  miles  west  of  Tokyo,  but  it 
was  felt  from  Sendai  on  the  north  to  Nagasaki  on  the  south  over 
an  area  of  92,000  square  miles,  and  the  area  of  complete  destruc- 
tion of  buildings  was  4200  square  miles.  The  first  and  most 
severe  shock  occurred  at  Gifu  at  6*^  38"  11"  on  the  morning  of 
October  28,  and  was  followed  by  numerous  minor  shocks  to  the 
number  of  several  thousand  in  the  twelve  days  next  following. 
One  authority  stated  the  number  of  persons  killed  in  the  prefec- 
tures of  Aichi  and  Gifu  at  7528,  the  wounded  9458,  houses  totally 
destroyed  82,000,  partially  destroyed  23,000,  damage  to  property 
$20,000,000.  A  recent  letter  from  Prof.  Milne,  puts  the  dead  at 
10,000  and  the  loss  at  $60,000,000. 

It  is  this  great  earthquake  which  is  illustrated  in  the  series  of 
plates  whose  title  is  given  above  and  which  forms  an  oblong 
quarto  volume  29*^™  X  4P'"  in  size.  The  plates  are  heliotype 
copies  of  photographs,  all  but  three  of  which  were  made  by  the 
authors  for  the  imperial  University  of  Japan,  and  are  copy- 
righted in  its  name.  It  is  published  by  Lane  Crawford  &  Co.,  - 
Yokohama.  The  press  work  was  done  in  Tokyo,  and  the  paper 
on  which  it  is  printed  is  a  product  of  the  very  district  shaken 
by  the  earthquake.  Indeed  there  was  some  delay  in  printing 
proofs  owing  to  the  difficulty  of  getting  the  paper  in  the  dis- 
organized state  of  all  manufactures.  It  is  handsomely  bound  in 
cloth  and  in  general  make  up  the  book  will  compare  favorably 
with  the  product  of  any  western  press.  The  first  edition  of  1000 
copies  has  all  been  sold  and  a  second  edition  with  a  few  additional 
plates  is  in  preparation. 
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It  opens  with  ten  pages  of  introduction  on  the  nature  of  earth- 
quakes in  general  and  their  relation  to  Japan,  with  brief  mention 
of  the  salient  incidents  of  the  recent  disaster,  from  which  some  of 
the  statements  above  are  taken.  This  is  followed  by  thirty  plates, 
varying  a  little  in  size,  but  mostly  about  32*^"»  X  21-5^'"  and  each 
plate  is  accompanied  by  a  brief  description.  Those  plates  give 
very  impressive  illustrations  of  the  destruction  caused  by  the 
earthquake. 

2.  Congress  of  Mathematicians  and  Astronomers, — In  con- 
nection with  the  Exposition  to  be  held  at  Chicago  in  1893,  a 
"  World's  Congress  Auxiliary  "  has  been  formed  for  the  purpose 
of  organizing  a  series  of  Congresses  or  Conventions  to  be  held 
during  the  progress  of  the  Exposition,  which  will  bring  together 
the  leading  scholars  of  the  world  for  the  mutual  interchange  of 
ideas  on  topics  bearing  on  human  progress. 

As  a  part  of  this  general  plan  a  preliminary  address  has  been 
recently  issued  from  the  division  of  Mathematics  and  Astronomy, 
of  which  Prof.  George  W.  Hough  is  chairman,  inviting  the  coopera- 
tion of  all  persons  and  societies  interested  in  the  department  of 
physical  science.  Three  chaptera  are  proposed :  I  in  Pure  Math- 
ematics, II  in  Astronomy,  and  III  in  Astro-physics.  A  scries  of 
topics  is  given  in  the  circular  by  the  committee,  which  are  sug- 
gested for  consideration.  Advice  and  suggestions  arc  desired 
as  to  the  general  conduct  of  the  convention,  and  in  particular  as 
to  the  scientific  questions  to  be  discussed,  and  persons  to  present 
them.  The  suggestions  and  recommendations  invited  will  be 
used  in  the  formation  of  the  program  for  the  Congress. 

The  Chairmen  of  the  Special  Committees  of  the  several  chapters 
under  the  charge  of  the  General  Committee,  are  as  follows  : 

Pure  Mathematics^  Prof.  E.  H.  Moore,  Chicago  University, 
Chicago,  111. 

Astronomy^  Prof.  G.  W.  Hough,  Dearborn  Observatory,  North- 
western University,  Evanston,  III.  (who  is  also  general  chairman). 

Astro- Physics^  Prof.  George  E.  Hale,  Kenwood  Astro-Physical 
Observatory,  Chicago,  111.  . 

3.  American  Association. — The  41st  meeting  of  the  American 
Association  for  the  Advancement  of  Science  will  be  held  in 
August  next,  commencing  with  Wednesday,  the  17th,  at  Roch- 
ester, New  York.  All  abstracts  of  papers  should  be  sent  to  the 
Permanent  Secretary,  F.  W.  Putnam,  Salem,  Mass.,  until  Aug. 
7th,  and  after  that  time,  to  Powers'  Hotel,  Rochester,  the  hotel 
headquarters  of  the  Association.  The  President  of  the  meeting 
is  Prof.  Joseph  LeConte,  of  Berkeley,  California.  The  Local 
Secretary,  Prof.  H.  L.  Fairchild  of  the  University  of  Rochester 
will  give  information,  if  desired,  with  regard  to  local  arrange- 
mentSy  hotels,  railway  rates,  etc.  The  Register  will  be  opened  in 
the  University  of  liochestcr  on  the  15th  of  Augupt,  and  the 
meetings  will  be  held  in  the  buildings  of  the  University. 

The  Geological  Society  of  America  will  hold  its  August  meet- 
ing at  the  same  place  on  Monday  and  Tuesday,  Aug.  15  and  16, 
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Prof.  G.  K.  Gilbert,  President;  The  American  Microscopical 
Society,  on  Ang.  9,  10,  11,  12,  Prof.  M.  E.  Ewell,  Prest.  ;  The 
Society  for  the  promotion  of  Agricultural  SciencCy  on  Aug.  15, 
16,  Prof,  I.  P.  Roberts,  Prest.,  and  the  Association  of  JEco7iomic 
Entomologists,  on  Aug.  15,  16,  Dr.  J.  A.  Lintner,  President. 

OBITUARY. 

Lewis  Morris  Rutherfurd  died  on  the  30th  of  May  at  his 
home.  Tranquillity,  New  Jersey,  in  the  seventy-sixth  year  of  his 
age.  He  was  born  at  Morrisania,  N.  Y.,  Nov.  25th,  1816,  and 
was  graduated  at  Williams  College  in  1834.  He  at  first  devoted 
himself  to  the  practice  of  the  law,  but  in  1843  he  turned  into  the 
field  of  physical  science  in  which  he  was  to  accomplish  such  good 
work.  His  interests  lay  chiefly  in  the  direction  of  stellar  pho- 
tography and  spectroscopic  work,  and  in  1862  and  1863  he  pub- 
lished (in  this  Journal)  several  important  papers  upon  these  sub- 
jects. One  of  these  discussed  the  spectra  of  the  stars,  moon  and 
the  planets,  which  was  one  of  the  early  contributions  in  this  line 
and  contained  the  first  attcmjit  to  classify  stars  according  to 
their  spectra.  He  constructed  about  the  same  time  a  telescope 
for  photographic  work  with  specially  corrected  objective  of  11^^ 
inches  aperture,  and  in  1868  one  of  13  inches;  with  the  latter  he 
made  many  admirable  negatives  of  the  sun,  moon  and  star 
groups ;  his  photographs  of  the  lunar  surface  are  remarkable  for 
their  beauty  and  perfection.  He  also  constructed  a  micrometer 
for  astronomical  measurements,  and  in  connection  with  photo- 
graphs of  stellar  groups  he  made  a  large  series  of  measures  which 
in  many  cases  constitute  the  earliest  accurate  observations  of  the 
clusters  in  question.  A  paper  has  recently  been  published*  upon 
the  "Rutherfurd  Photographic  Measures  of  the  Group  of  the 
Pleiades,"  and  it  is  stated  that  others  are  to  follow  giving  the 
results  of  the  Rutherfurd  measures.  Another  work  of  great 
importance  was  the  construction  in  1890  of  an  accurate  ruling 
engine  with  which  he  ruled  diffraction  gratings  for  spectroscopic 
work;  these  "Rutherfurd  gratings  "  for  many  years  played  as 
important  a  part  as  do  the  "  Rowland  gratings  "  to-day. 

Mr.  Rutherfurd  was  one  of  the  original  members  of  the  National 
Academy  of  Sciences.  He  was  named  by  the  President  of  the 
United  States  as  one  of  the  American  delegates  to  the  Interna- 
tional Meridian  Conference  that  met  in  Washington  in  October, 
1885,  and  he  took  a  prominent  part  in  the  work.  In  1887  he  was 
invited  by  the  French  Academy  of  Sciences  to  become  a  member 
of  the  International  Conference  on  Astronomical  Photography, 
held  in  Paris  in  1887,  and  was  appointed  by  the  President  of  the 
National  Academy  of  Sciences  as  its  representative,  but  was 
obliged  to  decline  the  honor  on  account  of  his  failing  health.  He 
was  an  Associate  of  the  Royal  Astronomical  Society  and,  besides 
being  a  member  of  several  scientific  societies  in  this  country  and 
abroad,  was  the  recipient  of  many  medals,  orders  and  diplomas. 

*By  Harold  Jacobs  in  the  Annals  N.  Y.  Acad.  Sci.,  vol.  vi,  pp.  239-330,  Feb. 
1892. 
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Art.  XI. — On  the   lielations  between  the  Surface  Tensions 
of  Liquids  and  their   Chemical   Constitution;    by  C.  E. 

LiNEBARGER. 

The  mathematical  and  physical  parts  of  the  subject  of  the 
surface  tension  of  liquids  have  received  much  attention,  and 
may  be  considered  as  having  reached  a  high  stage  of  develop- 
ment The  basis  of  the  theory  was  laid  by  Young,*  who 
regarded  a  liquid  as  bounded  by  a  superficial  film,  behaving  like 
a  stretched  membrane,  and  who  showed  that  the  form  of  the 
surface  could  be  accounted  for  by  taking  into  consideration  the 
conflict  between  the  surface  tension  and  the  other  forces  act- 
ing upon  the  liquid.  This  theory  was  elaborately  worked  out 
by  Laplace,t  Poisson,:]:  Gauss,§  Hagenl  and  many  others. 
Numerous  investigators  have  occupied  themselves  with  the 
experimental  verification  of  the  tneory  and  treatment  and 
development  of  certain  physical  and  mathematical  questions 
pertaining  to  it.^^  The  bibliography  relative  to  the  phenomena 
of  capillarity  is  very  extensive ;  indeed,  but  few  branches  of 
physics  have  received  more  attention. 

The  chemical  side  of  the  question,  on  the  other  hand,  has 

♦  An  Easay  on  the  Cohesion  of  Fluids,  Phil.  Transactions  for  1 805 ;  and  Young's 
Collected  Works  by  Peacock,  vol.  i,  p.  418. 

f  Sur  Taction  capillaire,  Supplement  au  X  livre  du  Traite  de  Mecanique  Celeste. 
(1845),  Paris. 

INouvelle  theorie  deVaction  capillaire  (1831),  Paris. 

I  Principia  generalia  theoriae  figurae  fluidorum  in  statu  aequilibrii,  Gdttingen. 

I  Ueber  die  Oberflacbe  der  Flussigkeiten,  Berlin  Acad.  (1845). 

\  For  a  historical  sketch  of  the  subject,  see  Quincke,  Pogg.  Ann.,  cv,  I,  and 
Maxwell,  in  Encyclopedia  Britannica. 
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received  comparatively  little  attention,  although  it  is  univer- 
sally recognized  that  there  must  be  an'  intimate  connection 
between  the  capillarity  and  chemical  constitution  of  liquids. 
Mendeleeff*  seems  to  have  been  the  first  to  have  entered  this 
field  of  investigation,  bein^  followed  a  few  years  later  by 
Wilhemy  ;t  the  work  of  Qumcke:]:  on  the  surface  tension  of 
substances  at  their  point  of  liquefaction  should  also  be  men- 
tioned here.  Robert  Schifif,§  too,  has  published  extensive  and 
valuable  facts  and  deduced  therefrom  some  important  conclu- 
sions in  this  domain  of  research.  I  will  not  enter  now  into  a 
review  of  these  investigations,  as  they  will  be  frequently 
referred  to  in  discussing  my  results. 

Three  principal  methods  have  been  employed  in  the  deter- 
mination of  the  surface  tension  of  liquids;  1°,  the  capillary 
tube  method,  consisting  in  observing  the  height  to  which  a 
liquid  rises  in  a  capillary  tube  of  known  bore ;  2°,  thiB  draj) 
or  bubble  method,  consisting  in  the  determination  of  the  shape, 
and  size  of  drops  or  bubbles  formed  in  various  circumstances; 
3° — the  method  consisting  in  ascertaining  the  force  necessair 
to  pull  a  disk  of  known  area  from  the  surface  of  a  liquicl. 
These  methods  have,  indeed,  been  very  much  modified  in 
individual  cases,  but,  in  general,  all  may  be  referred  to  one  or 
another  of  the  foregoing.  The  results  obtained  by  different 
methods  have  been  found  to  be  quite  concordant. 

Most  of  the  determinations  of  surface  tension  have  been 
made  with  one  liquid  in  contact  with  air,  the  surface  tension 
of  which  being  so  small,  could  be  safely  neglected.  About 
the  only  investigations  of  the  surface  tensions  of  two  liquids 
in  contact  are  those  of  Quincke  (who  determined  the  shape  of 
drops  of  one  liquid  resting  in  another,  and  the  change  in  the 
height  of  a  liquid  in  a  capillary  tube  when  subjected  to  the 
influence  of  another  liquid,  etc.)  and  of  Guthrie. [  These 
researches  are  entirely  physical,  chemical  questions  being 
hardly  touched,  yet  as  it  was  Guthrie's  work  which  induced  me 
to  take  up  this  subject,  and  as  his  methods  resemble  mine 
closely,  I  will  describe  some  of  his  experiments  and  cite  some 
of  his  conclusions. 

From  a  glass  ball,  suspended  in  a  funnel-shaped  vessel,  water 
was  made  to  drop,  the  drops  being  caught  in  a  graduated  tube 
placed  at  the  bottom  of  the  vessel.  J'unnel  and  tube  were 
tilled  successively  with  air,  "turpentol,"  and  benzene,  and  the 
flow  of  water  so  regulated  that  a  drop  fell  ever}  five  seconds. 
It  was  found  that  tnere  were  required  to  fill  the  tube  up  to  a 

*Compt  Rend..  1,  52  and  li,  97  (I860).       fPogg-  Ann.,  cxxii.  56,  (1864.) 
1  Pogg  Ann  ,  cxxxv,  621.  (1868)  and  ib.  cxxxviii,  141.  (1869.) 
I  Licbig's  Ann.,  ccxxiii,  47,  (1884)  and  Gazz.  chim.  ital.  xiv,  137,  (1884.) 
I  Proc.  Roy.  Soc.,  xiii,  444  and  xiv,  22. 
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fixed  mark,  57  drops  in  air,  27  in  "  turpentol "  and  7  in  ben- 
zene. As  the  benzene  and  "  tnrpentol "  had  nearly  the  same 
specific  gravity  (see  Table  I),  it  is  impossible  that  the  differ- 
ence in  the  size  of  the  drops  should  be  due  to  this  alone. 
Guthrie  also  determined  the  weight  of  drops  of  mercury  in 
various  media.     I  give  his  principal  results  in  Table  I. 


Specific  gravity. 
Air 0- 

Table  I. 

Weight  of  drop  of 
mercury  in 

0-';'6o4  gram. 
0-6462     " 
0-5579     " 
0-5601      " 
0-4071      " 

Weight  of  drop  of 
mercury  in  air. 

0*7654  gram. 
0-6975     " 
0-6151     « 
0-5982     " 
0-4350     " 

Water 1- 

Glycerine 1-245 

Benzene 0-864 

"Turpentol".     0-863 

Here  also,  a  great  difference  is  observed  in  the  weights  of 
the  drops  of  mercury  in  benzene  and  "turpentol;"  and,  al- 
though there  is  not  much  difference  in  the  drop-size  of  glyc- 
erine and  benzene,  yet  their  specific  gravities  are  far  from 
being  the  same.  Guthrie  states  as  one  of  the  principal  results 
of  his  work  that  *'the  drop  size  of  a  liquid,  which  drops  under 
like  conditions  through  various  media,  does  not  depend  wholly 
upon  the  density  of  the  medium  and  consequent  variation  in 
the  weight  of  the  dropping  liquid." 

Evidently  this  behavior  is  due  to  the  chemical  constitution 
of  the  liquids  examined,  and  the  question  arises,  would  not  the 
determination  of  the  surface  tension  between  many  other 
liquids  afford  valuable  data  in  regard  to  their  chemical  consti- 
tution ?  The  object  of  the  present  paper  is  to  begin  the  answer 
to  the  question.  It  will  require  much  work  in  order  to  find 
out  what  laws  underlie  these  phenomena,  and  this  article  will 
contain  but  a  description  of  the  apparatus  used,  together  with 
some  indications  of  the  direction  that  succeeding  investigations 
should  take.  The  results  obtained  with  the  liquids  examined 
show  that  some  importance  may  be  attached  to  the  thorough 
investigation  of  the  subject. 

Experiments  of  this  kind  should  be  carrried  out  with  liquids 
which  are  totally  or  nearly  insoluble  in  one  another,  but  it  is 
difiiicult,  if  not  impossible,  to  find  liquids  fulfilling  those  condi- 
tions. All  liquids,  which  have  a  perceptible  vapor  tension  at 
the  temperature  at  which  a  determination  of  solubility  would 
be  made,  must  dissolve  one  another  to  some  extent ;  for  as,  in 
general,  every  liquid  has  the  power  of  absorbing  to  some  degree 
every  gas  or  vapor,  one  liquid  in  this  case  would  dissolve  the 
vapor  of  the  other,  and  it  is  impossible  to  distinguish  between 
a  solution  of  a  substance  in  gaseous  form  and  its  solution  in 
liquid  form.     This  is  shown   by  the  fact   that,  if  water  be 
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shaken  up  with  an  ethereal  oil,  although  the  liquids  are  re- 
garded as  insoluble  in  each  other,  yet  the  latter  imparts  its 
odor  to  the  former.  There  are,  however,  numbers  of  pairs  of 
liquids  wliicli  are  practically  insoluble  in  each  other ;  at  least, 
we  are  unable  by  our  analytical  methods  to  detect  the  presence 
of  one  in  the  other — and  it  is  the  surface  tension  of  these 
liquids  that  it  is  my  purpose  to  investigate. 

At  the  surface  of  two  absolutely  insoluble  liquids,  there 
would  reign  complete  repulsion  between  the  molecules ;  no 
molecule  of  one  liquid  would  pass  beyond  a  definite  surface  con- 
centric with  the  surfaces  of  the  liquids,  and  this  surface  would 
form  an  impenetrable  barrier  to  molecules  of  each  liquid. 
But  in  the  case  of  liquids  which  dissolve  one  another  a  little, 
complete  repulsion  between  the  molecules  prevails  no  longer, 
but  on  the  contrary  a  slight  attraction,  so  that  now  a  mole- 
cule of  one  liquid  may  pass  into  the  other.  This  would 
continue  until  tne  "tension"  of  solution  of  each  liquid  was 
reached.  The  question  arises  then,  whether,  in  searching 
for  stoichiometrical  relations,  the  superficial  tensions  of  liquids, 
saturated  with  each  other,  or  pure,  be  employed.  Leaving  the 
discussion  of  the  question  for  the  present,  we  will  in  this  paper 
make  use  of  those  superficial  tensions  determined  with  liquids 
uncontaminated  with  one  another. 

It  is  necessary  in  work  of  this  kind  to  select  one  liquid  as  a 
standard  of  comparison,  absolute  measurements  being  less 
reliable  than  comparative.  Mercury,  as  regards  insolubinty,  is 
admirably  adapted  to  the  end  in  view,  but  I  have  not  found  it 
advantageous  to  employ  it  in  measurements  made  by  the 
method  I  adopted.  I  have  therefore  chosen  water,  the  uni- 
vei*sal  standard,  as  it  is  insoluble  in  a  sufficient  number  of 
organic  compounds  to  receive  quite  an  extended  use. 

The  method  consisted  in  determining : — 1°,  the  number  of 
drops  into  which  a  certain  volume  of  water  divided  in  "  drop- 
ping down  "  through  liquids  lighter  than  water  and  in  "  drop- 
ping up  "  through  liquids  heavier  than  water ;  2°,  the  nnm- 
ber  of  drops  of  a  liquid  "  dropping  down,"  if  heavier  than 
water,  and  "  dropping  up  "  if  lighter,  through  that  standard.* 

The  bulb  of  a  small  pipette  was  so  shaped  and  ground  that 
it  fitted  snugly  (like  a  stopper  in  a  bottle)  in  the  neck  of  a 
cylindrical  vessel,  provided  at  its  lower  end  with  a  stop  cock. 
An  inch  above  the  bulb,  a  second  much  smaller  bulb  was 
blown,  and  between  it  and  the  larger  bulb  as  well  as  an  inch  or 
so  below  the  latter,  marks  were  scratched.  The  lower  stem  of 
the  pipette  was  bent  out  so  as  to  run  down  close  to  the  side  of 
the  cylindrical  vessel  nearly  to  the  bottom,  where  it  was  turned 

♦For  an  extension  of  the  meaning  of  "  drop,"  I  refer  to  Guthrie's  work  (loc 
cit.) 
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up  through  two  right  angles,  the  orifice  being  exactly  in  the 
axis  of  the  cylinder,  no  matter  how  the  pipette  was  inserted. 
It  is  of  some  importance  that  the  orifice  be  always  placed  in 
such  a  position,  that  the  drops  may  be  discharged  vertically. 
A  second  pipette  with  a  straight  stem,  so  as  to  discharge  bub- 
bles downwards,  was  also  employed.  To  make  a  determination, 
the  pipette  (the  curved-stemmed  one,  if  the  dropping  liquid  is 
the  lighter,  and  the  straight-stemmed  one,  if  the  dropping 
liquid  is  the  heavier)  is  tilled  with  one  of  the  liquids  by  suc- 
tion through  a  long  rubber  tube  slipped  over  the  uoper  end  of 
the  pipette  and  provided  with  a  pinch  cock.  It  is  then 
inserted  in  the  cylinder  which  has  previously  been  filled  with 
enough  of  the  other  liquid  to  stand  an  inch  or  so  above  the 
orifice  of  the  pipette.  The  free  end  of  the  rubber  tubing  is 
slipped  over  a  piece  of  glass  tubing,  so  shaped  that  it  can  be 
held  conveniently  in  the  hand  and  closed  with  the  thumb. 
The  thumb  is  now  kept  tightly  pressed  over  the  tube,  and  the 
pinchcock  opened.  A  few  drops  fall  rapidly  at  first,  before 
the  pressure  becomes  sufficiently  reduced.  By  lifting  the 
thumb,  air  may  be  admitted  and  the  liquid  made  to  drop  at 
any  desired  rate.  After  a  little  practice,  the  raising  of  the 
thumb  and  the  counting  of  the  drops  are  done  almost  instinc- 
tively. If  the  time  of  the  growth  of  the  drops  is  to  be  noted, 
a  watch  is  placed  at  the  side  of  the  apparatus,  and  the  falling 
of  the  drops  made  to  coincide  with  the  movements  of  the 
second-hand.  This  is  very  easily  done.  Suppose,  for  instance, 
one  wants  the  drops  to  form  at  the  rate  of -one  a  second. 
Then,  by  beginning  to  count  when  the  second-hand  crosses  a 
quarter-minute  mark,  fifteen  drops  should  have  fallen  when 
the  second-hand  passes  the  next  quarter-minute  mark,  thirty 
drops,  when  it  passes  the  next,  and  so  on.  In  this  way,  with 
very  little  effort,  a  strict  account  of  the  time  taken  by  the 
drops  in  forming  can  be  kept.  The  number  of  drops,  into 
which  the  volume  comprised  between  the  two  marks  divided 
was  taken  in  everv  case.  If  the  last  drop  before  the  mark  was 
reached  did  not  leave  the  residual  liquid  nearly  flush  with  the 
mark,  which  was  generally  the  case,  another  drop  was  allowed 
to  form,  and,  by  observing  the  volume  it  occupied  in  the  stem 
of  the  pipette,  an  estimation  to  a  quarter  of  a  drop  could  be 
made,  which  was  added  to  the  number  of  drops  counted. 
When  one  determination  had  been  made,  the  pipette  was 
removed,  wiped  free  from  the  outside  liquid,  refilled  and  again 
inserted  in  the  cylinder.  The  liquids  in  the  outside  vessel  are 
easily  drawn  off  separately  by  means  of  the  stop-cock. 

In  regard  to  the  accuracy  of  results  obtained  by  this  appa- 
ratus, it  was  found  that  determinations  of  drops  forming  at 
the  same  rate  and  dropping  upwards,  seldom  differed,  if  the 
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liquids  were  quite  insoluble  in  each  other,  by  more  than  one 
drop  in  a  hundred.  If,  however,  the  liquids  were  somewhat 
soluble  in  each  other,  quite  variable  results  would  be  obtained 
until  the  one  liquid  was  saturated  with  the  other.  Thus  water 
in  dropping  up  through  nitrobenzene  which  was  not  changed 
in  three  determinations  gave  for  the  first  series :  1°,  136  drops 
— 2°,  142  drops  and  3°,  155  drops ;  and  for  the  second  1°, 
133  drops— 2°,  146  drops  and  3°,  161  drops.  The  first  two 
determinations  agree  fairly  well ;  they  were  made  with  water 
dropping  through  dry  nitrobenzene.  But  as  the  nitrobenzene 
became  more  and  more  contaminated  with  water,  the  surface 
tension  of  the  liquids  changed  as  shown  above  in  the  number 
of  drops.  Three  independent  determinations  of  the  number 
of  drops  of  water  saturated  with  nitrobenzene  up  through 
nitrobenzene  saturated  with  water  gave — 1°,  112  drops — 2°, 
110*5  drops — 3°,  111  drops, — which  are  entirely  concordant. 
This  slight  solubility  of  liquids  in  one  another  complicates  mat- 
ters greatly,  and  renders  stoichiometrical  conclusions  based  upon 
results  obtained  by  measurements  of  superficial  tensions  of 
liquids  by  the  above  method  somewhat  unreliable.  Without 
doubt,  however,  by  a  further  study  of  these  phenomena,  we 
shall  learn  how  to  make  due  allowance  for  such  disturbing 
influences.  Of  the  liquids  which  I  have  examined,  not  one, 
with  the  exception  of  nitrobenzene  and  bromoform,  has  given 
anv  too  variable  results. 

the  time  of  the  growth  of  drops  has  a  little  influence  upon 
their  size.  For  an  elaborate  investigation  of  the  influence  of 
time  upon  drop-size  I  must  refer  to  Guthrie's  papers.  In  my 
experiments,  it  was  impossible  to  choose  a  certain  fixed  rate 
at  which  all  drops  should  form,  since  a  large  drop  requires  a 
longer  time  for  formation  than  a  small  one;  hence  I  made 
the  drops  form  at  such  a  rate  as  seemed  necessary  for  the 
attainment  of  the  maximum  size. 

In  the  case  of  liquids  heavier  than  water,  falling  through 
water,  the  orifice  of  the  pipette  was  wetted  by  the  water,  and 
hence  the  drops  formed  upon  the  inner  circumference  of  the 
orifice,  which,  however,  in  my  instrument  differed  very  slightly 
from  that  of  the  outer.  It  was  difficult  to  obtain  concordant 
results  in  this  case,  since  the  drops  could  not  be  prevented 
from  falling  by  "twos"  and  "threes."  That  is,  a  drop  would 
commence  to  form  slowly,  when,  all  of  a  sudden,  it  would 
increase  rapidly  in  size,  fall  off  and  be  followed  by  another, 
which  would,  however,  take  a  longer  time  for  formation. 
There  seems  to  be  a  sort  of  pull  exercised  by  the  first  drop  on 
the  second.  Sometimes  two  drops  would  issue  rapidly  irom 
the  orifice  to  be  followed  more  slowly  by  a  third.  This, 
rendering  the  rate  of  formation  irregular,  caused  the  results  to 
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be  somewhat  variable,  since  the  tiret  drop  was  evidently 
smaller  than  the  succeeding  ones.  Not  so  much  confidence, 
then,  is  to  be  placed  in  the  results  obtained  by  the  dropping  of 
heavier  liqaids  through  lighter,  as  of  lighter  up  through 
heavier  ones,  since  in  the  latter  case  no  such  phenomena  were 
observed. 

In  the  dropping  of  the  liquids,  besides  the  main  drop,  a 
much  smaller  secondary  drop  would  also  form  almost  invari- 
ably. In  general,  the  larger  the  main  drops,  the  smaller  the 
secondary  drops,  so  that  but  a  slight  error  is  introduced  in  neg- 
lecting the  latter,  when  the  former  are  comparatively  large. 
The  formation  of  these  secondary  drops  may  be  explained  as 
follows :  The  main  drop,  just  before  breaking  loose,  is  con- 
nected to  the  mass  of  the  liquid  by  a  short  cylinder,  the  cir- 
cumference of  which  is  that  of  the  orifice  of  the  pipette. 
When  the  large  drop  tears  itself  from  the  connecting  cyMnder, 
a  certain  impulse  or  shock  is  communicated  to  the  latter,  so 
that  it  is  severed  from  the  mass  of  liquid,  and  under  the  action 
of  superficial  tension  and  gravitation  assumes  a  spheroidal 
form,  appearing  as  a  drop,  in  this  paper,  I  have  not  attempted 
to  make  any  corrections  for  these  secondary  drops,  although, 
without  doubt,  their  appearance  is  intimately  connected  with 
the  superficial  tension  of  the  liquid  in  question. 

When  water  was  dropped  down  through  other  liquids,  it 
would  run  up  around  the  orifice  of  the  pipette  so  that  the 
drops  were  larger  than  they  should  be,  and  consequently  the 
results  were  quite  variable.  This  was  prevented  by  the  fol- 
lowing simple  device.  A  test  tube  just  small  enough  to  enter 
the  outer  vessel  of  the  dropping  apparatus  was  cut  oflf  so  as  to 
fonri  a  tube  open  at  both  ends  about  two  inches  long.  In  one 
end  was  fitted  a  cork  through  which  a  hole  was  pierced  so  that 
the  stem  of  the  pipette  could  be  thrust  through  it.  In  the 
other  end  was  set  a  thin  ring  of  cork  made  by  cutting  a  cross- 
section  of  a  good  soft  cork  and  filing  it  out.  This  ring  was 
cut  into  four  times  so  as  to  form  four  shallow  clefts  situated 
90°  apart.  In  these  clefts  were  inserted  finespun  threads  of 
glass,  so  that  they  crossed  at  the  center  of  the  ring.  The 
orifice  of  the  pipette  was  shoved  down  close  enough  to  the  inter- 
section of  the  glass  threads  that  a  drop,  when  neariy  half  formed 
Would  touch  it.  The  drop  then,  instead  of  running  up  the 
sides  of  the  pipette  would  be  confined  to  the  orifice,  the 
crossed  threads  serving  as  a  support  for  the  drop  during  its 
formation.  With  this  little  device,  the  determinations  were 
entirely  concordant. 

We  will  first  take  up  the  discussion  of  the  results  obtained 
with  liquids  lighter  than  water.  These  were  all  hydrocarbons 
of  the  benzene  series  from  the  establishment  oi  Kahlbaum 
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labelled  chemically  pure.  I  made  no  special  tests  for  their 
purity,  as  for  my  purpose  they  might  be  considered  pure 
enough. 

The  results  are  given  in  Table  I.  In  the  first  column  are 
given  the  names,  in  the  second  the  formulae  of  the  substances, 
while  in  the  third  are  recorded  their  densities  at  20°  as  found 
in  the  literature.  The  fourth  column  contains  the  weights  in 
grams  of  drops  of  the  respective  hydrocarbons  in  water,  and 
the  fifth  the  weights  of  drops  of  water  in  the  hydrocarbons. 

I  have  not  calculated  the  surface  tension,  as  I  did  not  know 
the  radius  of  the  orifice  of  the  pipette ;  as  it  deals  here  of 
relative  rather  than  absolute  values,  that  is  of  little  moment. 

Table  II. 

I.                            II.                    in.  IV.             V. 

Benzeue  C.H,  0-879  0*0405  01932 

Toluene  CJl^.CH,  0865  00403  0-1920 

o-xylene  C,H,.  {CH,),l-2  0-75  0*0405  0-2010 

m-xylene  C.H^(CH,),  - 1-3  0-87  0-0406  0-1910 

p-xylene  C.HJCH,),-l-4  0*862  0-0318  0-1579 

Cumene  C,H^ -CH(CH,),  0-87  0-0262  0-1263 

Pseudocumene  C.H,.  (CH,),.  1-3-4  0*86  00314  0-1536 

Ethylbenzene  C,H^.C,H,  0*866  0-0178  0-0826 

Mesitylene  C,H,.  (CH,)..  1-3-5  00I4I  0-0725 

We  notice  first  that  the  determinations  of  the  size  of  the 
drops  of  the  hydrocarbons  in  water  and  of  water  in  the  hydro- 
carbons give  relatively  the  same  results.  If  the  numbers  in 
the  fourth  column  be  multiplied  by  Jive,  the  numbers  in  the 
fifth  column  are  approximately  obtained.  This  shows  that  the 
two  methods  give  strictly  comparable  results. 

The  weights  of  the  drops  of  benzene,  toluene,  o-xylene  and 
771-xylene  in  water,  as  well  as  the  weights  of  water-drops  in 
them,  are  the  same,  if  due  allowance  be  made  for  unavoidable 
errors  of  observation.  The  superficial  tensions  of  these  organic 
liquids  in  contact  with  water  have  then  equal  values.  In  pas- 
sing to  /?-xylene,  there  is  a  considerable  decrease  in  the  weights 
of  the  drops.  This  is  evidently  due  to  the^ara-position  of  one 
of  the  methyl  groups,  for  pseudocumene,  which  contains  a 
meta-  as  well  as  ^ara-methyl  group,  has  the  same  drop-size 
asjp-xylene.  While  the  introduction  of  a  T/i^^methyl  group 
in  benzene  derivatives  seems  without  influence  upon  the  super- 
ficial tension,  the  introduction  of  a  mra-methyl  group  exer- 
cises, on  the  contrary,  a  decided  influence.  Yet  three  meta- 
methyl  groups,  as  in  mesitylene,  cause  the  surface  tension  to 
decrease  greatly  Again  it  is  to  be  observed  how  different  are 
the  drop-sizes  in  the  case  of  toluene  or  methyl-benzene  and 
ethyl-benzene.     Cumene  or    isopropylbenzene  also  has  a  sur- 
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face  tension  greater  than  that  of  ethylbenzene,  but  less  than 
that  of  toluene. 

The  laws  which  underlie  these  phenomena  can  be  discovered 
only  when  the  data  are  much  more  numerous,  although  with 
the  above  liquids  important  hints  are  given  as  to  how  those 
laws  will  be  stated.  We  find  further  that  the  specific  gravi- 
ties of  these  hydrocarbons  have  but  little,  if  any,  influence 
upon  their  surface  tensions.  True,  the  diflEerences  of  density 
are  slight,  but  it  is  seen  that  benzene  with  the  greatest  and 
<>-xylene  with  the  least  density  have  the  same  drop-size.  And 
again,  the  weights  of  the  drops  of  toluene  and  ethylbenzene, 
liquids  of  almost  the  same  specific  gravity,  are  widely  different. 
Guthrie^s  first  law,  as  stated  above,  seems  to  be  verified  by 
these  facts. 

Of  the  few.  liquids  heavier  than  water  which  I  examined, 
the  majority  have  a  similar  constitution.  These  were  all  care- 
fully purified  and  only  portions  boiling  within  a  fraction  of  a 
degree  taken.  The  results  of  the  determinations  are  given  in 
Table  III.,  where  Column  I,  gives  the  name  and  Col.  II,  the  for- 
mula of  the  liquids.  The  specific  gravities  at  0°  for  the  most 
part  are  entered  in  Col.  Ill,  and  the  weights  of  drops  of  water 
in  the  organic  liquids  in  Col.  IV.  Cols.  V  and  v  I  give  the 
weights  of  the  drops  of  the  liquids  into  water,  orifices  of  dif- 
ferent sizes  being  used. 

Table  III. 
L  II. 

Nitrobenzene  C^H^.NO, 

Carbon  disulphide  CS, 

Amyl  bromide  C^H^^ .  Br 

Ethyl  Vomide  C,H,Br 

Benzene  bromide  C  H^ .  Br 

Chloroform  CHCL 

Ethylene  bromide  C,H,Br, 

Bromoform  CHBr 

If  the  numbers  in  Cols.  V  and  VI,  be  plotted  as  ordinates 
and  the  corresponding  densities  as  abscissas,  the  resulting  curves 
will  be  seen  to  be  parallel,  showing  similarity,  as  might  be  ex- 
pected, in  the  results  obtained  with  different  sized  orifices. 

Regarding  Col.  II,  we  see  that  carbon  disulphide  and  amyl 
bromide,  liquids  of  the  same  specific  gravity,  have  the  same 
drop-size,  while  benzene  bromide  and  chloroform,  also  liquids 
of  about  the  same  density,  have  quite  different  drop  sizes.  A 
difference  in  the  chemical  constitution  of  these  last  two  bodies 
may  explain  their  difference  in  surface  tension ;  we  see  also 
that,  although  the  density  of  nitrobenzene  is  less  than  that  of 
amyl  bromide  and  carbon  disulphide,  its  drop-size  is  not 
greater. 


III. 

IV. 

V. 

VI. 

1-2 

0-0518 

0-0328 

1-29 

0-0607 

0-0384 

0-0461 

1-28 

0-0606 

0-0382 

0-0460 

1-47 

0-0236 

0-0182 

00221 

1-517 

0-0283 

0-0237 

00280 

1-52 

0-0229 

0-0278 

0-0362 

2-18 

0-0100 

0-0137 

0-0183 

2-83 

0-0009 

0-0176 
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The  influence  of  the  specific  gravity  in  the  case  of  liquids 
heavier  than  water  is  much  more  marked  than  in  the  case  of 
those  lighter  than  it.  Thus  the  table  shows  that  with  the  ex- 
ception of  the  benzene  derivatives,  the  drop-sizes  diminish 
quite  regularly,  as  the  specific  gravities  increase.  The  anomaly 
in  the  behavior  of  the  benzene  molecule  is  undoubtedly  due  to 
its  constitution. 

The  foregoing  work  was  performed  with  the  purpose  of 
developing  and  testing  methods,  rather  than  that  of  accumula- 
ting data ;  it  is  to  be  regarded  as  a  series  of  "  orientation  "  ex- 
periments, which  have  shown  in  what  direction  it  is  best 
to  continue.  Investigations  of  this  sort  will  certainly  throw  a 
much  clearer  light  upon  the*  nature  and  workings  of  the  molec- 
ular f orqes,  a  knowledge  of  which  is  of  the  greatest  importance. 

Chicago,  111. 


Art.  XII. — The  Gold  Dej>09it  at   Pine   Hill^  California; 
by  Waldemar  Lindgren. 

Oeneral  Type. — Veins  and  seams  of  barite,  carrying  gold 
and  silver,  distributed  through  a  kaolinized  zone  in  diabase 
and  diabase  porphyrite. 

The  auriferous  deposits  of  California  have,  as  well  known, 
two  principal  modes  of  occurrence  :  Secondary  as  gold-bearing 
gravels  and  sands  of  Tertiary  or  Pleistocene  age,  and  primary 
as  fissure  veins,  largely  of  late  Mesozoic  age.  The  latter  occur 
in  great  variety  of  formations,  but  on  the  whole,  avoid  the 
large  granite  areas  and  seem  to  prefer  the  contact  of  sedi- 
mentary slates  with  eruptive,  unaltered,  or  dynamically  meta- 
morphosed masses.  The  form  of  the  auriferous  veins  also 
varies  considerably  between  normal,  regular  fissure  veins  and 
networks  of  minute  irregular  fractures. 

With  all  diversity  in  surroundings  and  form,  the  vein  mate- 
rial or  gangue  and  the  mineral  associations  are  simple  and  sub- 
ject only  to  rare  and  slight  variations.  The  gangue  is  nearly 
always  quartz,  the  mineral  association  native  golcT  sulphides  of 
iron,  copper,  lead,  and  zinc, — frequently  also  arsenical  pyrites, 
rarely  tellurides.  Dolomite  and  calcite  accompany  the  quartz 
at  certain  veins,  but  even  then  the  quartz  is  usually  the  princi- 
pal ore  carrier.* 

*  The  association  of  native  gold  with  calcite  in  Shasta  (bounty,  California,  has 
been  noted  by  Mr.  G.  F.  Becker  (Statistics  of  the  Precious  Metals,  Tenth  Census, 
vol.  xiii,  p.  24),  and  from  Trinity  County,  California,  by  Mr.  J.  S.  Diller  (this 
Journal,  vol.  xxxix,  1890,  p.  160). 
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The  deposit  to  be  described  here  differs  strangely  from  the 
common  type.  Pine  Hill  is  situated  about  eleven  miles  south- 
southwest  of  Grass  Valley,  in  Nevada  County,  and  a  few 
miles  north  of  Bear  River ;  it  is  in  the  lower  rolling  foothills 
of  the  Sierra,  and  the  summit  of  the  little  knoll  bearing  the 
above  name  rises  to  eighteen  hundred  feet  above  the  level  of 
the  sea ;  from  the  top  an  extensive  and  beautiful  view  is  ob- 
tained westward  over  the  Sacramento  valley,  and  eastward 
toward  the  crest  of  the  snowy  range. 
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Sketch  of  Pine  Hill  and  vicinity,  Nevada  Co.,  Cal. 

Scale  2  inches  =  1  mile.     Contour  Interval  100  feet. 

A.  Diabase  or  Porphyrite.  B.  Decomposed  Zone. 

C.  Serpentine.  D.  Quartzite  and  Slate. 

Toward  the  south  and  west  a  large  area  extends  occupied 
by  massive  diabases  and  diabase  porphyrites  in  which  aurifer- 
ous veins  are  but  seldom  met  with ;  to  the  east  of  Pine  Hill 
there  is  a  somewhat  complicated  area  of  quartzites  and  clay 
slates,  serpentines  and  gabbros  sometimes  dynamically  metamor- 
phosed and  containing  a  few  veins  of  gold  quartz,  usually  very 
capricious  as  to  the  distribution  of  the  metal.  A  part  of  this 
area  is  i^own  on  the  sketch.  To  the  northwest,  beyond  the 
limits  of  the  map,  there  is  a  large  and  massive  area  of  granite, 
diorite  and  gabbro  with  very  few  auriferous  deposits. 

The  diabase  and  diabase  porphyrite  which  form  the  prevail- 
ing rock  of  the  vicinity,  are  massive,  fine  grained  and  not  a 
little  affected  by  secondary  processes  giving  rise  to  uralite, 
chlorite,  secondary  quartz,  etc.  The  diabase  porphyrites 
appear  to  prevail  along  the  crest  of  the  ridge,  of  which  Pine 
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Hill  forms  the  cumulating  point  Surrounding  the  latter 
there  is  an  area  of  intense  decomposition,  somewhat  ill  de- 
fined but  approximately  one  mile  long  and  from  one  to  two 
thousand  feet  wide,  of  a  very  different  character  from  the 
ordinary  chloritization  and  uralitization.  The  rocks  within 
this  area  are  converted  to  a  soft,  porous,  reddish  brown  to 
yellowish  mass,  from  which  calcium,  magnesium,  iron  and  the 
alkali  metals  together  with  a  part  of  the  silica  are  removed  ; 
the  ultimate  product  of  this  decomposition,  which  I  think 
should  be  regarded  as  having  been  effected  by  thermal  waters, 
alkaline  in  character,  is  a  soft  white  nearly  pure  kaolin*  or 
hydrated  silicate  of  aluminium.  If  there  exists  a  large  qnan- 
tity  of  this  pure  white  kaolin  it  could  no  doubt  be  utilized 
for  keramic  art;  the  somewhat  impure  substance  would  do 
very  well  for  the  manufacture  of  ordinary  pottery. 

In  many  places  the  zone  of  decomposed  and  kaolinized 
diabase  is  impregnated  with  irregular  veins  and  seams  of  barite 
or  heavy  spar,  and  with  this  mineral  the  gold  is  closely  con- 
nected. The  largest  barite  mass  appears  on  the  northeast  side 
of  the  hill  and  about  three  hundred  feet  from  the  crest ;  a 
shaft  fifty  feet  deep  was  sunk  here  a  few  years  ago  and  some 
ore  extracted.  The  deposit  not  being  worked  at  the  time  of 
my  visit,  the  shaft  was  inaccessible.  It  did  not  appear  aj5  if  a 
well  defined  and  extensive  vein  of  barite  were  present,  but 
rather  as  a  local  enlargement  of  one  of  the  numerous  smaller 
irregular  barite  seams.  The  ore  on  the  dump  was  largely 
composed  of  barite  mixed  with  limonite  and  decomposed 
country  rock.  No  sulphurets,  but  a  few  stains  of  sulphate  of 
copper  were  noticed.  Although  no  normal  vein  quartz  occurs, 
there  are  in  various  places  seams  and  smaller  masses  of  a  fine 
granular  aggregate  of  quartzitic  appearance  but  doubtless  due 
to  secondary  processes.  Assays  were  made  on  a  series  of 
specimens,  both  of  ore  and  country  rock,  by  Dr.  W.  H. 
Melville,  in  the  laboratory  of  the  U.  S.  Geological  Survey. 
Special  precautions  were  taken  to  insure  correct  results  and 
the  exceptionally  pure  litharge  used  contained  only  2  cents  of 
silver  to  the  ton. 

The  assays  in  general  show  a  large  relative  amount  of  silver 
— more  than  is  usual  in  the  gold  quartz  veins.  The  proportion 
of  gold  to  silver  by  weight  varies  from  1 : 1  down  to  1  :  5,  or 
in  value  from  20  : 1  to  4:1.  The  metal  resulting  from  the 
reduction  of  this  ore  would  be  a  dore  bullion  similar  to  that 
yielded  by  the  Bodie  (Mono  County)  quartz  veins. 

The  assay  of  the  ore  from  the  dump,  composed  of  barite 

*Tn  a  specimen  of  this  white  substance  the  water  was  determined  quantita- 
tively by  Dr.  E.  A.  Schneider,  who  obtained  almost  exactly  the  theoretical  amount 
for  kaolin,  viz:   13"8  per  cent  H2O. 
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and  some  limonite,  gave  a  paying  amount  of  gold  with  silver 
in  the  proportion  of  1:2  by  weight ;  a  piece  of  very  pure 
white  barite  selected  for  the  purpose,  and  shown  under  the 
microscope  to  contain  no  visible  gold  or  sulphurets,  gave  the 
same  amount  of  gold,  but  much  more  silver,  the  proportion 
between  the  two  metals  being  1 : 5.  Only  a  part  of  the  silver 
exists  as  an  alloy  with  gold,  for  a  pan  of  the  ore  washed  out 
gave  a  considerable  quantity  of  quite  yellow  gold  in  very  fine 
particles ;  hence  it  may  be  permitted  to  surmise  that  the  silver 
partly  occurs  as  a  chloride.  A  piece  of  barite  with  much  lim- 
onite gave  an  exceptionally  high  return  with  but  little  silver, 
the  proportion  being  1 : 1. 

Kear  the  crest  of  the  hill  there  are  several  little  prospect 
holes  in  the  decomposed  mass.  One  specimen  shows  a  brown- 
ish to  gray  compact  decomposed  rock  permeated  with  little 
seams  of  barite.  This  gave  0-063  oz.  gold  and  0-168  oz.  silver 
to  the  ton,  or  $1.26  in  gold  and  $0*16  in  silver,  the  proportion 
in  weight  being  about  1 :  3. 

A  specimen  from  the  summit  of  Pine  Hill  is  a  soft  crumb- 
ling mass  largely  composed  of  kaolin,  pink  or  yellow  in  color 
and  showing  on  fresh-fractured  surfaces  traces  of  the  grain  of 
the  original  rock.  It  was  not  expected  that  this  mass  would 
yield  any  results,  but  it  proved  to  contain  0'0375  oz.  gold,  and 
0-075  oz.  silver  per  ton,  or  respectively  $0.75  in  gold  and  $0.07 
in  silver.  No  barite  is  visible  in  the  rock,  but  a  quantitative 
determination  by  Dr.  E.  A.  Schneider  showed  it  to  contain 
0-34  per  cent  BaSO,. 

At  the  southeast  end  of  the  decomposed  area  a  shaft  has 
been  sunk  to  a  depth  of  about  one  hundred  feet,  and  traces  of 
gold  are  reported  to  have  been  found. 

It  is  thus  reasonably  certain  that  this  whole  altered  mass  of 
diabase  and  porphyrite  is  auriferous ;  that  barite  in  very  vary- 
ing quantities  is  distributed  through  it,  and  that  the  quantity 
of  the  gold  contained  is  approximately  proportional  to  that  of 
the  barite,  or,  in  other  words,  that  the  barite  acts  as  the  car- 
rier of  the  gold.  The  primary  mineral  combination  was  prob- 
ably native  gold,  pyrite,  rich  silver  ores,  and  barite. 

Whether  the  kaolinized  zone  is  connected  with  large  fissures, 
it  is  not  possible  to  say  from  the  present  slight  underground 
developments ;  on  the  surface,  at  least,  there  are  no  indications 
of  such  a  connection,  yet  a  channel  must  have  existed  for  the 
passage  of  the  waters  effecting  this  far-reaching  alteration  of 
the  rocks. 

In  the  foothills  of  Yuba  County  and  also  in  massive  diabase 
there  is  a  zone  of  extreme  decomposition  resembling  some- 
what the  one  here  described,  but  associated  with  a  considerable 
amount  of  secondary,  fine  grained,  quartzose  and  chalcedonic 
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rocks.  The  larger  part  of  this  area  carries  minute  quantities 
of  gold  and  silver,  the  latter  predominating,  the  ratio  being 
1 : 6  by  weight. 

Native  gold  is  but  seldom  associated  with  barite,  and  only, 
as  far  as  1  am  aware,  in  silver-gold  deposits  in  which  the 
former  metal  predominates.  Barite  is  a  rare  mineral  in  Cali- 
fornia, and  does  not  occur  in  the  normal  gold  quartz  veins. 
Native  gold  with  barite  is  mentioned  as  a  rare  occurrence  from 
southern  Colorado,*  and  Mr.  Hanks,  in  his  description  of  Cali- 
fornia minerals,t  refers  to  a  specimen  of  barite  with  gold 
from  the  Malakoff  hydraulic  mine,  near  North  Bloomfield, 
Nevada  County.  It  may  be  stated  in  this  connection  that 
there  is  a  deposit  of  barite  in  clay  slates  seven  miles  east- 
northeast  of  North  Bloomfield  and  cropping  out  on  the  North 
Bloomfield  ditch.  I  am  not  aware,  however,  that  it  contains 
any  gold. 

Another  instance  of  gold  connected  with  barite  is  found  in 
Yuba  County  at  the  junction  of  the  North  and  Middle  Yuba 
Rivers.  A  streak  of  chloritic  schist,  about  twenty  feet  wide, 
is  here  impregnated  with  pyrite  and  chalcopyrite  and  traversed 
by  seams  of  calcite  and  barite  carrying  the  same  minerals. 
The  brown  surface  croppings  carry  native  gold,  but  it  is  prob- 
ably all  derived  from  tlie  decomposition  of  the  pyrite. 

U.  S.  Geological  Survey,  Washington,  D.  C ,  April,  1892. 


Art.  XIII. — A  new  occuri^ence  of  PtiloUte ;  by  Whitman 
Cross  and  L.  G.  Eakins. 

In  this  Journal  for  August,  1886,  we  described  the  first  ob- 
served occurrence  of  a  new  hydrous  silicate  of  alumina,  lime 
and  alkalies,  to  which  we  gave  the  name  ptilolite.  The  min- 
eral was  remarkable  for  its  high  percentage  of  silica,  the  analysis 
leading  to  the  formula  R'Al,Si,oO„  .  SHjO.  Inasmuch  as  the 
polysilicic  acid  of  this  formula  was  elsewhere  unknown.  Prof. 
JP.  GrothJ  expressed  the  belief  that  the  material  analyzed 
must  have  been  contaminated  with  chalcedony,  upon  which 
the  ptilolite  was  deposited.  While  it  has  seemed  to  us  that  the 
care  exercised  and  the  method  used  in  the  purification  of  the 
original  ptilolite  material  analyzed  must  exclude  the  possibility 
of  such  contamination,  we  are  glad  to  be  able  to  announce  a 
second  occurrence  of    this  interesting  mineral  the  investiga- 

*See  the  interesting  paper  by  Mr.  R.  C.  Hills,  "  Ore  Deposits  of  Summit  Dis- 
trict, Colorado,"  Proc.  Col.  Scientific  Soc,  vol.  i,  p.  24. 
f  Fourth  Annual  Report  California  State  Mining  Bureau,  p.  78. 
]:  Tabellarische  Uebersicht  der  Mineralien,  2d  ed.,  p.  149,  1889. 
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tion  of  which  fully  confirms  the  earlier  analysis.  The  work  of 
L.  V.  Pirsson*  upon  mordenite  has,  however,  fully  confirmed 
the  existence  of  silicates  with  the  ratio  between  silica  and 
bases  which  was  found  in  the  original  ptilolite. 

The  new  occurrence  of  ptilolite  is  in  Custer  County,  Colo- 
rado, about  three  miles  soutneast  of  the  mining  town  of  Silver 
ClifE.  The  rock  containing  the  ptilolite  occupies  but  a  few 
square  feet  of  surface  on  a  low  ridge  of  rhyolitic  breccia 
reaching  out  from  the  volcanic  center  of  the  Rosita  Hill8,t 
and  we  are  indebted  to  Mr.  Thomas  Charlton  of  West  Cliffe 
for  calling  our  attention  to  the  peculiar  and  seemingly  insig- 
nificant occurrence.  The  rock  is  a  dull  green  felsitic  mass 
containing  many  nearly  round  vesicles  most  of  which  are  less 
than  5°"°  in  diameter  while  a  few  are  somewhat  larger.  They 
occupy  about  one  third  of  the  rock.  The  dull  green  mass 
proves  on  microscopical  examination  to  be  a  completely  devitri- 
fied  pitchstone,  and  it  is  probable  that  this  vesicular  rock  is  a 
remnant  of  the  upper  portion  of  a  rhyolite  flow  seen  at  a  lower 
level  near  by,  though  the  connection  is  covered  by  "  wash  " 
and  soil.  The  rock  contains  few  phenocrysts  of  feldspar,  but  a 
fluidal  structure  curving  about  the  vesicles  is  distinct.  Devit- 
rification proceeded  from  pearlitic  cracks. 

The  vesicles  of  the  rock  have  very  smooth  walls  and  most 
of  them  have  a  thin  crumbling  lining  of  a  pale  yellowish  or 
white  substance.  A  few  cavities  contain  a  shell  of  pale  bluish 
glistening  quartz  crystals  and  some  are  entirely  filled  by  this 
mineral.  More  abundant  than  the  quartz  is  a  colorless  or  pale 
blue  mineral  in  minute  thin  tablets  which  are  often  grouped  in 
sheaves  or  bundles.  This  mineral  was  identified  as  barite  by 
chemical  analysis. 

Nearly  all  the  vesicles  contain  a  white  mineral  in  extremely 
minute  needles  which  form  a  loose,  felt-like  mass.  Usually 
they  fill  the  cavity  and  with  a  curved  dissecting  needle  one  can 
often  remove  a  little  white  ball  of  the  substance,  apparently 
perfectly  pure.  The  strong  resemblance  of  this  mineral  to 
the  ptilolite  of  Green  Mountain  was  evident  at  first  glance. 

Microscopical  study  of  the  needles  shows  that  they  are  trans- 
parent, colorless,  seldom  more  than  '005""  and  often  less  than 
•001"™  in  thickness.  Only  when  a  number  of  the  needles  are 
arranged  in  parallel  position  in  a  bundle  do  they  perceptibly 
afiEect  polarized  light.  In  such  cases  they  extinguisn  zfc  to  the 
length  axis,  and  by  the  aid  of  the  quartz  plate  a  negative  opti- 
cal character  can  oe  made  out. 

*0d  Mordenite,  this  Journal,  vol.  xl,  p.  232,  1890. 

+  The  geology  of  this  region  will  be  described  in  a  forthcoming  monograph  of 
the  U.  S.  Greological  Survey.  A  geological  sketch  of  the  Rosita  Hills,  by  Whit- 
man Cross,  was  published  in  the  Proceedings  of  the  Colorado  Scientific  Society 
for  1890.  p.  269. 
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The  obtaining  of  material  for  chemical  analysis  was  in  this 
case  even  more  difficult  than  with  the  original  ptilolite.  About 
six  cubic  feet  of  the  rock  was  broken  up  and  the  tufts  and 
balls  of  the  downy  mineral  removed  with  a  curved  needle. 
After  several  days  work  with  an  assistant  an  amount  was 
obtained  which  on  final  purification  gave  a  trifle  over  half  a 
gram  of  pure  material.  This  final  purification,  as  in  the  case 
of  the  original  ptilolite,  was  made  by  stirring  the  mineral  in 
water,  breaking  up  the  felt-like  aggregates  as  far  as  possible, 
allowing  the  heavier  portion  to  settle,  and  pouring  oflE ;  this 
operation  being  repeated  upon  the  residue  until  most  of  the 
ptilolite  was  washed  out.  The  collected  washings  were  allowed 
to  settle  over  night,  the  bulk  of  the  water  syphoned  oflf,  and 
the  stirring  and  pouring  off  repeated  until  a  product  was 
obtained  in  which  no  gritty  substance  whatever  could  be  de- 
tected on  careful  testing  with  the  rounded  end  of  a  glass  rod. 
The  material  so  obtained,  after  drying  on  the  water  bath,  was 
left  loosely  covered,  exposed  to  the  air  for  several  days.  Dried 
for  eight  days  over  sulphuric  acid  it  lost  3*84  per  cent,  all  of 
which  was  regained  in  twenty -four  hours  in  the  air,  and  in  this 
condition  it  was  analyzed.  Like  the  original  mineral  this  new 
ptilolite  is  but  very  slightly  attacked  by  hydrochloric  acid, 
and  the  prolonged  action  of  hot  concentrated  sulphuric  acid  is 
required  for  complete  decomposition. 

Analysis  and  ratios  (Analyst,  L.  G.  Eakins)  : 

SiO, 67-83  M31  10-1 

A1,0, 11-44  -112  1-0 

CaO   3-30  -059  ) 

K,0 0-64  -007  V    -109  -98 

NaO 2-63  -043) 

H,0 13-44  -747  6-67 


99-28 


The  water  was  fractionated  as  follows : 

At  110° 2-62 

125° 1-31 

300" 6-41 

red  heat 3-10 

13-44 
Loss  over  H,SO, 3-84 


'301 

1-79 

•073 

•65 

301 

2-69 

172 

1-64 

•213 


•190 


For  comparison  with  the  above,  the  analyses  and  ratios  of 
the  original  ptilolite  and  of  mordenite  are  appended  : 
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Ptilolite,  Green  Mt ,  Colo.  Mordenite  (L.  Y.  PirsBon) 

10-06  SiO, 66-40  9-88 


SiO,  .... 
A1,0. --- 

70-36 

11-90 

Cab  .... 

s-sv  \ 

K.O  .... 

2-83  ' 

Na,0  ... 

0-77] 

H.6 

10-18 

1-00                  A1,0,...  11-17 

Fe,0,...  0-67 

-96                 CaO 1-94 

MgO...  0-17 

4-86                  K,0 3-58 

Na.O-.-  2-27 

99-90                                          H,0 13-31                 6-60 


1-00 
1-01 


99-41 


The  empirical  formula  derived  from  the  analysis  of  the  new 
ptilolite  is:  R'Al,Sii90,^+6fH,0,  which  it  will  be  noticed  is 
the  same  as  that  of  mordenite,  bat  as  Pirsson  has  already 
pointed  out  (loc.  cit.),  the  two  minerals  are  physically  very 
unlike. 

The  two  ptilolites  themselves  are  entirely  similar  both  in 
their  manner  of  occurrence  and  in  their  physical  properties. 
In  chemical  composition  the  only  difference  is  that  the  new 
mineral  contains  8*26  per  cent  more  water  than  the  old,  with  a 
proportional  reduction  of  the  other  constituents  ;  the  molecular 
proportions  of  silica  and  bases  being  the  same  in  both  occur- 
rences. 

This  excess  of  water  may  possibly  be  accounted  for  by  the 
different  conditions  under  wnich  the  two  minerals  were  anal- 
yzed. The  original  analysis  was  made  in  Denver,  the  present 
one  in  Washington,  that  is,  one  in  a  very  dry,  the  other  in  a 
very  damp  climate.  Both  minerals  were  air  dried,  and  as  both 
evidently  hold  a  considerable  part  of  the  water  very  loosely,  it 
seems  not  unreasonable  to  suggest  that  the  dry  Denver  atmo- 
sphere may  have  had  sufficient  desiccating  power  to  remove 
part  of  the  water  from  the  mineral  analyzea  there.  In  fact, 
on  account  of  this  atmospheric  diflEerence,  water  determinations 
in  the  two  minerals,  especially  at  low  and  medium  tempera- 
tures would  hardly  be  directly  comparable,  since  it  is  now 
recognized  that  at  a  given  temperature  the  relative  humidity 
of  the  surrounding  atmosphere  may  markedly  influence  not 
merely  the  rate,  but  also  the  total  amount,  of  loss  on  drying. 

The  fractional  determinations  in  the  new  ptilolite  show  that 
3"10  per  cent  of  the  water  is  stable  at  300°  C,  so  that  this  may 
be  basic.  In  the  original  material  no  such  line  of  demarkation 
in  the  water  was  detected,  although  it  was  thought  then  that 
sufficient  care  was  used,  but  one  important  factor  was  not  then 
so  well  recognized  as  it  is  now,  namely,  the  element  of  time  in 
drying  minerals  of  this  type,  and  it  may  be  that  time  enough 
was  not  given  at  each  temperature  before  increasing  it.     The 

Am.  Jouiu  Sol— TaiHD  Sbribs,  Vol,  XLIV,  No.  260.— August,  1892. 
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fact,  however,  that  a  comparatively  high  temperature  was 
found  necesBary  for  the  total  expulsion  of  the  water*  would 
render  it  easy  to  admit  the  possible  basicity  of  part  of  it  in 
case  other  considerations  made  such  an  admission  advisable  in 
order  to  construct  a  rational  formula  for  the  mineral. 

In  mordenite  no  attempt  seems  to  have  been  made  to  frac- 
tionate the  water,  except  to  determine  the  loss  (3-6  per  cent)  at 
100°,  so  here  we  have  no  evidence  as  to  whether  it.  may  be 
basic  in  part  or  not. 

The  fact  that  in  the  new  ptilolite  we  have  direct  evidence 
that  a  definite  portion  of  the  water  may  be  basic,  and  that  no 
good  ground  against  such  an  assumption  exists  in  the  analysis 
of  the  original  mineral,  makes  it  necessary  to  carefully  con- 
sider this  point  in  any  attempt  to  theorize  upon  the  structure 
of  the  ptilolite  molecule.  Prof.  Clarke  has  kindly  written  a 
note  on  the  theoretical  formula  of  ptilolite  and  of  the  allied 
mordenite,  which  appears  in  the  succeeding  pages. 

In  view  of  their  similar  mode  of  occurrence,  of  their  identi- 
cal physical  properties,  of  their  exact  chemical  agreement 
except  as  to  water,  and  of  the  considerations  concerning  the 
water  presented  above,  there  can  be  no  question  but  that  these 
two  downy  minerals  belong  to  one  and  the  same  species — 
ptilolite. 

In  comparing  the  analyses  of  mordenite  and  the  two  ptilo- 
lites  a  great  variation  in  the  amounts  of  lime,  soda  and  potash 
is  noticeable.  In  mordenite  tl^e  molecular  ratio  is  CaO :  K,0  : 
Na,0  =  1:1:1;  but  no  simple  ratio  exists  in  ptilolite. 

The  Green  Mountain  mineral  is  relatively  poor  in  soda,  the 
Silver  Cliff  mineral  in  potash,  and  the  mordenite  in  lime,  facts 
which  seem  very  strange  when  we  consider  the  rocks  in  which 
the  minerals  occur.  Mordenite  occurs  in  a  basalt,  but  is  richest 
in  potash  and  poorest  in  lime ;  the  original  ptilolite  occurs  in 
an  andesite  of  medium  composition  and  is  poorest  in  soda ;  and 
the  new  mineral  occurs  in  a  devitrified  pitchstone  and  is  poorest 
in  potash.  The  last  instance  is  most  remarkable,  for  the  pitch- 
stones  of  the  region  about  are  usually  rich  in  potash  ana  con- 
tain but  very  small  amounts  of  lime.  Analysis  of  the  greenish 
felsitic  mass  in  which  the  ptilolite  occurs  shows,  however,  that 
the  entire  rock  has  in  this  case  undergone  a  decomposition 
which  brings  it  to  a  constitution  similar  to  that  of  ptilolite. 
The  lime,  at  least,  of  this  ptilolite  was  not  derived  from  the 
surrounding  rock,  unless  secondarily.  The  analysis  of  the 
rock  containing  the  ptilolite  of  Silver  Cliff  is  as  follows 
(Analyst,  L.  G.  Eakins) : 
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SiO   65-67 

A1,0, 13-48 

Fe,0, 1-51 

MnO tr. 

BaO -32 

CaO 2-41 

MgO -31 

K,0 2-42 

Na,0 1-52 

SO, -28 

pA tr. 

H.O 12-27 


100-19 


Appendix. — Note    on    the    Constitution    of   PtiloUte    and 
Mm^denite  ;  by  F.  W.  Clarke. 

The  data  given  in  the  foregoing  paper  by  Cross  and  Eakins, 
especially  as  regards  the  dehydration  of  ptilolite,  lead  to  Quite 
simple  formulse  for  the  three  minerals  under  discussion.  The 
moment  that  we  recognize  the  fact  that  part  of  the  water  in 
each  mineral  may  be  basic,  the  apparent  anomalies  disappear ; 
and  the  compounds  reduce  at  once  to  similar  salts  of  the  acid 
H,Si,0„  which  acid  is  well  known  in  the  species  petalite  and 
milarite.  Both  ptilolite  and  mordenite  become  simply  repre- 
sentable  by  the  general  formula 

A],(Si,OJ,R',  +  nAq.      ^ 
the  only  serious  uncertainties  being  in  respect  to  the  hydra- 
tion. 

In  brief,  the  following  salts  appear  to  be  represented  in  the 
three  minerals,  commingled  in  simple  ratios : 

1.  Al,(Si,0,),CaH,  .  3  aq. 

2.  Al,(Si,0  j^CaH,  .  6  aq. 

3.  Al,(SiO).KH     .6aq. 

4.  Al,(SiA)eNaA.6aq. 

Three  of  these  are  entirely  alike  in  type :  but  the  first,  con- 
taining only  half  the  normal  quantity  of  crystalline  water,  is 
assumed  in  order  to  account  for  the  low  hydration  of  the  orig- 
inal, Green  Mt.  ptilolite.  Upon  this  basis  the  three  minerals 
investigated  may  be  assigned  the  following  theoretical  compo- 
sitions : 

Ptilolite,  Green  Mt.,  molecules  1  and  3,  in  ratio  of  3  :  '2 
"  Silver  Cliff         "  2    «    4,       "        "1:1 

Mordenite,  "         2,  3,  4,      "         "1:1:1 
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Redncing  soda  to  potash  in  the  Green  Mt.  ptilolite,  and 
potash  to  its  equivalent  of  soda  in  the  Silver  Glifi  minerals, 
and  recalealating  to  100  per  cent,  we  get  a  fair  comparison 
between  the  actual  analyses  and  theory. 


PtUolite. 


SiO, 

CaO 
K.0 
Na.O 
H.6 


Green  Mt. 

Silver  Cliff. 

Found. 

Calc 

Found. 

Calo. 

70-15 

69-22 

68-45 

67-64 

11-86 

11-77 

11-56 

11-50 

3-86 

3-88 

3-35 

3-16 

3-98 

4-34 

_  -  -  - 

.... 

-  .  -  - 

-  -  -  - 

3-09 

3-49 

10-15 

10-79 

13-56 

14-21 

100-00     100-00        100-00     100-00 


In  mordenite,  reducing  Fe,0,  to  A1,0,  and  MgO  to  CaO, 
the  comparison  comes  out  as  follows : 


Found. 

Calc. 

SiO, 
Al,6. 

66-88 

66-77 

11-62 

11-35 

Cab 

2-17 

2-07 

K,0 

3-62 

3-49 

Na,0 

2-29 

2-30 

H.O 

13-42 

14-02 

100-00  10000 

Considering  the  scarcity  of  material,  and  the  difficulties 
attending  its  purification,  these  agreements  are  in  the  {main 
satisfactory,  in  the  water  determinations,  however,  there  is 
an  uncertainty.  In  the  theoretical  composition  assigned  to  the 
Silver  Cliff  ptilolite,  one  seventh  of  the  water,  a  trifle  under 
two  per  cent,  is  basic.  But  3-10  per  cent  were  found  to  be 
stable  at  300*^.  What  weight  can  be  assigned  to  this  discrep- 
ancy^ is  not  yet  determinable,  but  it  can  hardly  be  regarded  as 
an  insuperable  objection  to  the  proposed  formulae.  The 
general  character  of  the  salts,  their  essential  types,  seems  to  be 
fairly  well  established. 
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Abt.  XIV. — The  separation  of  Magneaium  Chloride  from 
the  Chlorides  of  Sodium  and  Potassium  by  means  of  Amyl 
Alcohol;  by  K.  B.  Riggs. 

This  separation  depends  on  the  insolubility  of  the  chlorides 
of  sodium  and  potassium  and  the  solubility  of  magnesium 
chloride  in  amyl  alcohol.  That  the  alkaline  chlorides  are  in- 
soluble in  this  reagent  has  already  been  shown  by  Gooch  in  his 
paper*  on  the  separation  of  sodium  and  potassium  from  lithium 
by  the  action  of  amyl  alcohol  on  their  chlorides.  In  the  same 
paper  attention  is  also  called  to  the  solubility  of  anhydrous 
magnesium  chloride.  The  difficulty,  if  there  be  any,  lies  in 
dehydrating  this  chloride.  Attempts  to  dehydrate  magnesium 
chloride  by  direct  heat  result  in  a  more  or  less  complete  de- 
composition. This  is  also  found  to  be  the  case  where  the  salt, 
in  a  solution  containing  no  free  acid,  is  rendered  anhydrous  by 
means  of  boiling  amylalcohol.  The  amount  decomposed,  in 
this  latter  case,  is  however  relatively  small.  The  decomposi- 
tion products  are  the  oxide  and  hydrochloric  acid.  It  is  there- 
fore necessary  either  to  introduce  conditions  which  will  pre- 
vent such  decomposition  or  to  find  a  means  of  redissolving  any 
oxide  that  may  be  formed.  The  use  of  hydrochloric  acid  gas 
was  deemed  impracticable.  To  use  the  acid  solution  was 
regarded  as  objection ablef  because,  in  so  doing,  water,  the 
very  substance  to  be  driven  out,  would  be  brought  into  the 
solution.  Experiments  were  made  in  which,  after  the  water 
of  the  magnesium  chloride  solution  had  been  nearly  or  quite 
expelled  by  boiling  with  amyl  alcohol,  a  few  drops  of  benzyl 
chloride  were  added  and  the  dehydration  completed.  The 
salt  dissolved  without  leaving  a  residue.  So  little  benzyl 
chloride  was  used  that  it  did  not  seem  probable  that  its  use 
could  materially  affect  the  solubility  of  the  chlorides  of  potas- 
sium and  sodium.  Working  on  this  supposition  a  series  of 
separations  were  made  the  results  of  which  are  given  below. 

Standardized  solutions  of  the  several  salts  were  used.  The 
solution  of  magnesium  chloride  was  prepared  from  the  carbo- 
nate, which  had  been  twice  precipitated  from  moderately 
strong  solutions  of  the  chloride.  The  chloride  thus  made  was 
free  from  alkalies  and  wholly  soluble  in  amyl  alcohol.  The 
strength  of  this  solution  was  found  by  treating  weighed  por- 

*  Am.  Chem.  Jour.,  vol.  ix,  p.  33. 

f  This  objection  was  afterwards  found  to  be  groundless. 
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tions  with  sulphuric  acid  in  excess,  evaporating,  igniting  and 
weighing  as  sulphate.* 

The  potassium  chloride  was  obtained  from  the  chlorate. 
The  chloride  of  sodium  was  prepared  from  sodium  hydrate 
(obtained  from  sodium)  and  furtner  purified  bj  precipitation 
by  hydrochloric  acid. 

Both  solutions  were  standardized  by  evaporating  weighed 
portions  to  dryness,  drying  at  about  300*^  C.  and  weighing. 

The  solutions,  thus  standardized,  were  found  to  contain 
respectively  0*5293  grm.  NaCl,  0*5412  grm.  KCl  and  the  equiv- 
alent of  0'4146  grm.  MgO  to  the  100  grams. 

Three  series  of  separations,  containing  severally  mixtures  ot 
magnesium  chloride  and  one  or  the  other  or  both  of  the  alka- 
line chlorides,  were  made.  The  solutions  were  evaporated 
nearly  to  dryness.  The  residue,  if  any,  was  taken  up  with  the 
smallest  possible  quantity  of  water  and  a  few  drops  of  hydro- 
chloric acid.  30-40*^  of  amyl  alcohol  were  then  added  and 
the  water  was  expelled  by  bringing  the  alcohol  to  the  boiling 
(128°-130^  C.)  Eight  or  ten  drops  of  benzyl  chloride  were 
added  and- the  solution  was  evaporated  to  about  10~.  A  per- 
forated crucible,  an  asbestus  felt  and  pressure  were  usea  in 
filtering.  The  filtrate  was  transferred  to  a  weighed  platinum 
dish  and  the  alcohol  driven  off  by  evaporation  on  a  water  bath. 
As  soon  as  the  solution  became  viscous  water  was  added  and 
the  evaporation  repeated.  The  residue  was  finally  taken  up 
with  water  and  sulphuric  acid  was  added  in  slight  excess. 
This  solution  was  evaporated  to  dryness  and  the  residue  ignited 
and  weighed  as  sulphate.  The  amyl  alcohol  pre^pitate  was 
dissolved  and  transferred  to  a  weighed  platinum  dish,  evapo- 
rated to  dryness  and  heated  in  an  air  bath  at  a  temperature  of 
about  300®  C.  and  weighed. 

The  solubility  corrections,  as  determined  by  Gooch,t  were 
introduced,  viz:  For  every  lO*'*'  of  amyl  alcohol  solution,  ex- 
clusive of  washing,  0*00051  grm.  was  added  to  the  weight  of 
the  insoluble  chlorides  in  case  the  residue  was  potassium  chloride^ 
0*00041  grm.  in  case  it  was  sodium  chloride  and  0*00092  grm.  in 
case  both  were  present.  Equivalent  amounts  were  taken  from 
the  weight  of  tne  magnesium  sulphate. 

The  results  of  these  separations,  including  determinations  in 
many  cases  of  the  amounts  of  magnesia  carried  by  the  chloride 
precipitates,  are  here  given. 

*  Several  determiuations  ad  phosphate  were  made  which,  though  agreeing^ 
together,  gave  somewhat  lower  results  than  were  obtained  by  weighing  the  mag- 
nesium as  sulphate.  This  may  be  due  to  impurities  in  the  chloride  or,  as'  is. 
more  probable,  it  may  be  owing  to  the  slight  oolubility  of  the  phosphate 

f  Am.  Chem.  Jour.,  vol.  ix,  p.  48. 
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5) 

3 

n 

(10) 


Weight  of 
ECl  taken, 
gnn. 

0-1076 
0-1084 
0-1083 
0-1077 
01082 
0  1085 
0-1628 
0-1630 
00109 
00116 


Weight  of  EOl 
found, 
gnn. 

0-1076 
0-1080 
0-1079 
0-1071 
0-1076 
0-1079 
0-1613 
0-1614 
0-0106 
0-0114 


Oorr.  weight 

of  KCl  found. 

gnn. 

01079 
0-1083 
0-1083 
01076 
0-1080 
0-1083 
0-1622 
0-1622 
0-0110 
0-0118 


■  Error  in  corr. 
weight  of  KCl 

found. 

grm. 

0-0003  + 
0-0001  — 
0-0000 
O'OOOl  — 
().0002  — 
0-0002  — 
0-0006- 
0-0008  — 
0-0001  + 
0-0002  + 


Weiffhtof 
MgO  found 
in  KOI. 
grm. 

0-0002 

trace 

0-0001 

0-0001 

0-0002 

not  det. 
0-0004 
0-0003 

not  det. 
00001 


(1) 


5) 
(10) 


Weight  of 
KgO  taken, 
grm. 

00092 
0-0094 
0-0417 
0-0421 
0-0828 
0-0835 
0-1662 
0-1661 
0-0830 
0-0834 


Weight  of 

MgS04  found. 

grm. 

0-0278 
0-0275 
0-1249 
0-1264 
0-2482 
0-2509 
0-5008 
0-4986 
0-2492 
0-2494 


Corr.  weight  of 

MgSO*  found. 

grm. 

0-0274 

0-0272 

0-1245 

0-1259 

0-2476 

0-2503 

0-4998    . 

0-4977 

0-2488 

0-2490 


Corr.  weight 

of  Mg04  found. 

grm. 

0-0091 
00091 
0-0415 
0-0420 
0-0825 
0-0834 
0-1666 
0-1659 
0-0829 
0-0830 


Error  in  corr. 
weight  of  MgO 
found, 
grm. 

0-0001  — 
0-0003  — 
0-0002  — 
0-0001- 
0-0003- 
0-0001  — 
0-0004  + 
0-0002  — 

o-oooi- 

0-0004- 


Weight  of 

NaCl  taken. 

grm. 

(11)  0-1113 

(12)  0-1066 

(13)  0-1066 

(14)  0-1064 


Weight  of 

NaCl  found. 

grm. 

0-1114 
0-1061 
0-1058 
0-1056 


Corr.  weight  of 

NaCl  found. 

grm. 

0-1116 
0-1065 
0-1063 
0-1062 


Error  in  corr. 
weight  of  ^aCI 
found, 
grm. 

0-0003  + 
0-0001- 
0-0003  — 
0-0002  — 


Weight  of 
MgO  found  in 
KaCl. 
grm. 

not  det. 
0-0002 
trace 
0-0001 


Weight  of 
MgO  taken, 
gfrm. 

0-0836 
0-0835 
0-1663 
0-1665 


n) 

(12) 
(13) 
(14) 


Weight  of 

MgS04  found. 

grm. 

0-2496 
0-2504 
0-4979 
0-4977 


Corr.  weight  of 

MgS04  found. 

grm. 

0-2493 
0-2499 
0-4973 
0-4970 


Corr.  weight  of 

MgO  found. 

grm. 

0-0831 
00833      ^ 
0-1658 
0-1657 


Error  in  corr. 
weight  of  MgO 
found, 
grm. 

0-0005  — 
0-0002— 
6-0005- 
0-0008  — 
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Error  in  con-. 

Weight  of 

Weight  of 

Weight  of    Corr.  weight     weight  of 
chlorides    of  chlorides       chlorides 

Weight  of 
MgO  found 

KGl  taken. 

NaCl  taken. 

found.           found.              found. 

in  chlorides. 

gnn. 

gnn. 

gnn.                gnn.                gnn. 

gnn. 

(15)  0-0544 

0-0529 

0-1066         0-1076          0-0003-1- 

trace 

(16)   0-0546 

0-0531 

0-1068         0-1077         0-0001 -h 

0-0004 

(17)  0-1087 

01063 

0-2131         0-2142          0-0008  — 

00002 

(18)  0-1085 

0-1063 

0-{{l22         0-2134          0-0014  — 

trace 

(19)  0-1083 

0-1064 

0-2118         0-2137          0-0010 

not  del. 
Error  in  corr. 

Weight  of 
MgO  taken. 

Weight  of      Con-,  weight  of    Corr.  weight  of 
MgS04  found.     MgSOf  found.        MgO  found. 

weight  of  MgO 
found. 

gnn. 

grm. 

grm.                      gnn. 

grm. 

(16)  0-0827 
(16)  0-08S0 

0-2487            0-2475               0-0825 

0-0002- 

0-2495            0-2484               0-0828 

0-0002  — 

(17)  0-1664 

0-5000           0-4987               0*1662 

0-0002- 

(18)  0-1663 

0-500 

7            0-4995               01665 

0-0002  + 

(19)  0-1660 

0-5010            0-4987               0-1662 

0-0002  -1- 

These  results  speak  for  themselves.  It  is  evident  that  we 
have  here  a  fairly  good  quantitative  method.  The  errors  are 
generally  negative.  This  is  to  be  expected.  The  large  nega- 
tive errors  in  the  weights  of  the  insoluble  chlorides,  in  ex- 
periments (26)-(28),  are  probably  due  to  loss  from  manipulation. 
0*2  grams  of  either  the  insoluble  chlorides  or  magnesia  are 
perhaps  too  large  quantities  to  deal  with. 

lO^*'  of  amyl  alcohol  hold  1'14  grm.  of  magnesium  chloride 
in  solution  atl4®  C.  and  1-28  grm.  at  50°  C.  In  the  majority 
of  the  experiments  the  residual  volumes  of  alcohol  were  less 
than  10*^^.  They  might  with  safety  have  been  further  reduced, 
thus  reducing  tHe  solubility  corrections. 

In  experiments  (7),  (8),  (13),  (14),  (18)  and  (19)  two  precini- 
tations  of  the  insoluble  chlorides  were  made,  decanting  the 
liquid,  washing  the  residue,  redissolving  it  and  repeating  the 
precipitation.  The  advisability  of  this  is  questionable.  A 
more  complete  separation  may  be  thus  effected  but  the  possi- 
bilities of  loss  from  manipulation  seem  to  counterbalance  this 
advantage.  Almost  the  same  degree  of  completeness  of  sepa- 
ration may  be  attained  by  redissolving  the  precipitate  with  as 
little  water  and  acid  as  possible  and  repeating  the  precipitation 
in  the  original  solution. 

In  dehydrating  the  mixed  chlorides  it  was  noticed  that  the 
nature  of  the  precipitate  depended  much  on  the  relative 
amounts  of  the  magnesium  and  the  insoluble  chlorides. 
Roughly  speaking,  when  the  weight  of  magnesia  is  equal  to  or 
exceeds  that  of  the  insoluble  chlorides,  the  precipitate  is 
thrown  out  as  a  fine  powder.     When  however  the  insoluble 


Digitized  by  VjOOQIC 


from  the  Chlorides  of  Sodium  and  Potassium.       107 

chlorides  are  greatly  in  excess,  the  tendency  to  obey  the  laws 
in  accordance  with  which  they  crystallize  asserts  itself  and  we 
have  a  more  or  less  coarsely  granular  deposit.  This  is  espe- 
cially true  in  the  case  of  sodium  chloride.  These  facts  have  a 
bearing  on  the  question  of  completeness  of  separation. 

Consider  the  amounts  of  magnesia  found  in  the  alkalies. 
They  bear  no  relation  to  the  amount  of  magnesium  chlorides 
involved.  It  seems  probable  that  the  magnesia  there  found 
has  been  carried  mechanically,  and  that  it  is  not  there  as  the 
result  of  decomposition.  How  can  we  better  explain  the 
finding  of  magnesia  in  the  insoluble  chlorides  of  eimeriment 
(1)  where  but  9  mgrm.  of  magnesia  were  involved.  Here  it  is 
essentially  the  result  of  inclusion. 

The  desirability  of  adding  water  to  the  amyl  alcohol  solution 
of  magnesium  chloride  before  completing  the  evaporation  is  to 
be  emphasized..  By  so  doing  it  is  possible  to  expel  the  alco- 
hol so  completely  that  even  those  experiments  where  there  was 
the  maximum  amount  of  magnesia  gave  no  trouble  from  car- 
bonization. 

In  adding  sulphuric  acid  a  great  excess  is  to  be  avoided.  In 
the  above  experiments  about  twice  the  amount  demanded  by 
theory  was  used.  The  result,  in  the  end,  is  economy  of  time 
and  less  danger  of  loss.  It  is  better  to  add  sulphuric  acid  a 
second  time  and  repeat  the  evaporation,  ignition  and  weighing. 
In  the  experiments  involving  an  amount  of  magnesium  equiva- 
lent to  0*16  grm.  of  the  oxide,  the  ignited  sulphate  was 
found  •in  a  few  instances  to  increase  its  weight  after  a  second 
treatment  with  sulphuric  acid.  The  lesser  amounts  were 
almost  without  exception  wholly  converted  into  the  sulphate 
by  a  single  treatment. 

In  the  couree  of  the  work  it  was  found  that  amyl  alcohol 
and  concentrated  hydrochloric  acid  mix  in  all  proportions. 
Furthermore  if  amyl  alcohol  containing  but  a  small  quantity 
of  the  acid  be  boiled  down  to  but  a  small  fraction  of  its  origi- 
nal volume  the  residue  contains  chlorine  in  some  form.  30**^ 
of  the  alcohol,  to  which  0*2*^*^  of  concentrated  hydrochloric  had 
been  added,  having  been  reduced  to  2*^*  gave  a  decided  test  for 
chlorine.  This  suggested  the  possibility  that  the  use  of  benzyl 
chloride  was  unnecessary.  For,  if  amyl  alcohol  mixes  with  the 
concentrated  acid  and  on  being  evaporated  retains  more  or  less 
of  it  to  the  last,  the  conditions  which  would  prevent  the  de- 
composition of  magnesium  chloride  are  maintained.  The 
easy  solubility  of  the  anhydrous  magnesium  chloride  is  beyond 
question.  Possibly  then,  in  the  above  experiments,  the  addi- 
tion of  benzyl  chloride  was  uncalled  for  as  in  every  case 
hydrochloric  acid  had  been  previously  added  to  the  salt  solu- 
tions.    To  decide  the  question  a  few  separations  were  made 
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without  the 

benzyl  chloride.     Otherwise  the  conditions  and 

methods  were  the 'same. 

Error  in  corr. 

Weight  of 
KOI  taken. 

Weight  of 
KOI  found. 

Corr.  weight  of 
KCl  found. 

weight  of  KCl 
found. 

Weight  of  MgO 
found  in  KCl. 

grin. 

grai. 

grm. 

grm. 

grm. 

(20)  0-1079 

0-1078 

0-1082 

0-0003  + 

trace 

21)   0-1081 

0-1074 

0-1079 

0-0002  — 

trace 

122)  0-1081 

0-1076 

0-1080 

0-0001- 

0-0004 

23)   0-1080 

0-1074 

0-1079 

0-0001  — 

0-0003 

24)  0-1080 
(25)  0-1076 

0-1071 

0-1079 

0-0001  — 

0-0004 

0-1061 

0-1070 

0-0006  — 

0-0002 

Error  in  corr. 

Weight  of 
NaCl  taken. 

Weight  of 
NaCl  found. 

Corr.  weight  of 
NaOl  found. 

weight  of  XaCl 
found. 

Weight  of  MgO 
found  in  NaCn. 

gnu. 

grm. 

grm. 

grm. 

grm. 

(26)   0-1582 

0-1576 

0-1583 

0-0001  + 

trace 

(27)   0-1591 

0-1576 

0-1582 

0-0009- 

trace 
Error  in  corr. 

Weight  of 
MgO  taken. 

Weight  of 
MgSO*  found. 

Corr.  weight  of 
MgSO^  found. 

Oorr.  weight  of 
MgO  found. 

weight  of  MgO 
found. 

grm. 

grm. 

grm. 

grm. 

grm. 

(20)  0-0419 

(21)  0-0418 

01250 

0-1245 

0-0415 

0-0004  — 

0-1262 

0-1257 

0-0419 

0-0001  + 

(22     0-0835 

0-2508 

0-2504 

0-0835 

00000 

(23)   0-0827 

0-2498 

0-2493 

0-0831 

0-0004 -h 

(24)  0-1665 

0-4996 

0-4987 

0-1662 

0^003— 

(25)  0-1667 

0-5005 

0-4995 

0-1665 

.      0-0002  — 

(26)  0-1669 

0-5009 

0-5001 

0-1667 

0-0002  — 

(27)  0-1662 

0-4980 

0-4973 

0-1658 

0-0004- 

It  is  evident  that  the  benzyl  chloride  is  not  needed,  further 
that  its  presence  in  the  solution  is  harmless. 

Summary. — In  separating  magnesium  chloride  from  the 
chlorides  of  sodium  and  potassium,  the  treatment  is  as  follows : 
evaporate  the  solution  nearly  or  quite  to  dryness.  Dissolve 
the  residue  in  as  little  water  as  possible  and  add  a  few  drops  of 
hydrochloric  acid.  Then  add  30-40^  of  amyl  alcohol  and 
expel  the  water  by  bringing  the  alcohol  to  the  boiling.  Con- 
tinue the  boiling  until  the  volume  of  the  solution  is  reduced 
to  10^*^  or  even  considerably  less.  In  filtering  it  is  of  great 
advantage  to  use  a  perforated  crucible  and  an  asbestus  felt  and 
to  filter  under  pressure.  In  case  the  total  chlorides  exceed 
0-2  gi:m.  it  may  be  advisable  to  decant  the  liquid,  wash  the 
residue,  redissolve  and  repeat  the  precipitation.  If  this  be  not 
done  the  precipitate  should  be  redissolved  with  the  least  possi- 
ble quantity  of  water,  a  few  drops  of  hydrochloric  acid  added 
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and  the  precipitation  repeated  in  the  original  solution.  The 
filtrate  is  transferred  to  a  weighed  platinum  dish  and  evapo- 
rated. Water  is  added  before  the  alcohol  has  been  expelled 
and  the  evaporation  continued.  The  residue  is  dissolved  in 
water.  Sulphuric  acid  is  added  in  slight  excess.  This  solu- 
tion is  evaporated  to  dryness,  the  residue  ignited  and  weighed 
and  the  treatment  with  sulphuric  acid  is  repeated.  The  resi- 
due of  insoluble  chlorides  may  be  transferred  to  the  weighed 
perforated  crucible  and  dried  at  a  temperature  below  their 
melting  points  or  it  may  be  dissolved  and  the  solution  trans- 
ferred to  a  weighed  platinum  dish,  evaporated  and  the  residue 
dried,  as  above,  and  weighed. 

Chemical  Laboratory,  Trinity  College, 
Hartford,  April,  1892. 


Art.    XY. — The   Great  Shear-zone   near    Avalanche    Lake 
in  the  Adirondacks  ;  by  J.  F.  Kemp. 

In  July,  1889,  the  writer  was  in  the  region  of  Lake  Cham- 
plain,  accompanied  by  Y.  F.  Marsters,  while  gathering  notes 
upon  the  igneous  dikes  so  plentiful  along  its  shores.^  Our 
attention  was  directed  to  the  great  trap  dike  which  is  recorded 
near  Avalanche  Lake  in  the  Adirondacks,  and  we  made  a  trip 
into  the  woods  to  examine  it.  Although,  when  viewed  from  a 
distance  this  rock  mass  appeared  as  an  undoubted  dike,  ^et  as 
soon  as  it  was  examined  in  a  hand  specimen  on  the  spot,  it  was 
pronounced  at  once  to  be  no  true  intrusion,  but  to  constitute  a 
Bhear-zone,t  or  zone  of  wall  rock,  dynamically  metamorphosed 
along  a  fault.  Subsequent  microscopic  examination  has  cor- 
roborated  this  view  and  the  case  in  point  is  an  interesting  and 
somewhat  unique  exhibition  of  this  phenomenon. 

Avalanche  Lake,  a  small  body  of  water,  is  the  very  head  of 
one  of  the  feeders  to  the  Hudson  River.  The  pass  by  which 
it  is  reached  from  the  north  is  on  the  watershed  which  diverts 
the  northerly  drainage  into  the  Ausable  River.  The  pass 
opens  directly  into  the  Lake,  which  is  fed  by  springs.  It  is  a 
narrow  cafion  between  vertical  walls  of  massive  rock  similar  to 
the  better  known  and  larger  Indian  Pass  farther  west.  It  is 
five  miles  into  the  woods  from  the  Adirondack  Lodge.     On  the 

*  A  short  digest  of  our  results  has  appeared  in  the  Transactions  of  the  New 
York  Academjof  Sciences,  vol.  zi,  p.  13,  1891.  A  full  account  will  be  printed 
elsewhere. 

f  For  the  use  of  this  term  compare  Ch.  Callaway.  On  the  secondary  minerals  at 
shear  zones,  in  the  crystalline  rocks  of  the  Malvern  Hills,  Quart.  J.  Geol.  Sec., 
Aug.  1SS9. 
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west  of  the  lake  is  Mt.  Mclntyre,  on  the  east  are  Mt.  Golden 
and  Avalanche  Mts.,  which  two  are  separated  by  the  shear- 
zone.  The  twin  mountain  is  also  called  Mt.  McMartin.  The 
lake  and  supposed  dike  were  early  discovered  and  recorded  in 
connection  with  the  raining  enterprise  that  was  started  at  Lake 
Henderson  a  few  railes  south.*  The  neighboring  mountains, 
Colden,  McMartin,  etc.,  were  named  from  the  promoters  of 
the  mining  enterprise.  Redfield  records  that  both  the  ex- 
peditions were  accompanied  by  one  of  the  recently  appointed 
ibtate  geologists,  the  first  by  James  Hall,  and  the  second  by 
E.  Emmons. 

The  accompanying  sketch  has  been  traced  directly  from  a 
photograph,  taken  from  a  point  of  view  across  the  lake.     It 


and  the  first  micro-drawing  were  kindly  made  by  Mr.  Arthur 
Hollick.  A  sketch  which  but  remotely  resembles  the  original 
is  given  by  Emmons  in  his  report,  p.  215  (also  Ann.  Rep.  1838, 
Atlas,  plate  4.)  The  two  peaks  are  dome-shaped  knobs  of 
massive  rock,  practically  bare  of  vegetation  and  cleft  from 
base  to  summit  by  the  so-called  dike.  The  latter  forms  a 
recess  which  is  deeper  at  the  lake  than  at  the  summit.     At  the 

*  W.  C.  Redfleld:  Some  account  of  two  visits  to  the  Mountains  of  Essex  Co.,  N. 
Y.,  1836-37,  etc.,  this  Journ..  I,  xxxiii.  301.  Second  Ann.  Rep.  N.  Y.  State 
Survey,  1838,  p.  226;  Atlas  plate  IV.  Emmons's  Final  Rep.  on  the  2nd  Dist., 
p.  216. 
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lake  it  is  75  feet  across.  The  walls  are  vertical.  The  so-called 
dike  terminates  in  the  lake  where  it  is  doubtless  cut  off  by  the 
croBS  fault  that  outlined  the  pass.     It  strikes  N.  50-60  W. 

The  general  rock  of  the  mountains  is  a  lighter  colored  variety 
of  the  plagioclase  rock  which  is  commonly  but  not  always  cor- 
rectly called  norite.  Sections  from  the  wall  of  the  pass  show 
coarse  plagioclase  in  much  the  largest  part,  with  which  is  prob- 
ably a  little  orthoclase.  The  feldspar  contains  many  mmute 
inclusions  which  are  probably  small  crystals  of  the  darK  silicates 
and  iron  ores,  exhibiting  thus  a  common  character  of  the  feld- 
spars of  rocks  belonging  to  the  gabbro  family.  The  dark  sili- 
cate is  a  brownish  green  hornblende  of  strong  pleochroism. 
It  occurs  in  shreds  and  irregular  masses.  Rather  more  abund- 
ant is  a  colorless  enstatite  of  massive  habit.  The  slide  gives 
evidence  of  dynamic  fractures  and  strains,  but  is  far  less  broken 
than  the  rock  of  the  shear-zone.  The  somewhat  parallel 
arrangement  of  the  hornblende  occasions  a  very  coarse  gneissic 
structure.  Under  the  microscope  the  enstatite  follows  a  similar 
foliation.  A  slide  from  the  north  wall  of  the  shear-zone  ex- 
hibits much  the  same.  It  is  chiefly  plagioclase,  with  a  little 
hornblende,  enstatite  and  a  little  magnetite.  The  plagioclase 
has  suffered  some  dynamic  strains  and  shows  faulting  of  twin 
lamellse.  Figure  2  is  a  drawing  with  the  camera  lucida.  The 
heavy  outlines  mark  the  crystal  boundaries  as  seen  without 
crossed  nicols,  after  which  the  twinning  has  been  put  in.  The 
cleavages  indicate  the  bisilicates,  the  rhombic  is  hornblende, 
the  rectangular  enstatite. 


The  rock  of  the  shear-zone  is  dark  gray  in  color  and  con- 
trasted with  the  walls  which  are  lighter.  It  thus  resembles 
trap.  In  the  hand  specimen  it  is  seen  at  once  to  be  largely 
made  up  of  garnets  and  this  fact  cast  the  first  doubt  on  its 
igneous  character.     It  also  has  the  appearance  of  a  rather  mas- 
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Bive  hornblende  schist  or  of  a  gneiss.  Chips  were  taken  from 
the  edge  of  the  zone  and  at  intervals  of  ten  feet  across.  They 
show  some  slight  variations  in  mineralogical  composition  bat 
they  are  essentially  all  the  same  rock.  There  is  no  evidence  of 
the  common  chilling  along  the  walls  and  coarser  crystallization 
in  the  center,  such  as  we  see  in  dikes,  bat  the  structure  is  qaite 
uniform  throughout  The  rock  consists  of  broken  irregular 
masses  of  plagioclase,  O'l-O'S"""*,  of  shreds  of  hy  persthene,  green, 
non-pleochroic,  monoclinic  pyroxene,  pink  garnet,  greenish- 
brown  hornblende,  biotite  and  magnetite.  The  individual 
minerals  are  nearly  in  this  order  of  abundance,  but  in  tbe 
aggregate  the  dark  silicates  far  surpass  the  feldspar.  This  is 
shown  in  iig.  3.  The  first  four  named,  including  plagioclase, 
are  in  excess.  The  plagioclase  frequently  shows  abundant  evi- 
dence of  crushing  and  indeed  as  fig.  3,  indicates  all  the 
miner^ils  are  irregmar  and  broken.  Fig.  3,  was  drawn  with  a 
camera  lucida.  The  actual  field  is  4'"°'.  The  impossibility  of 
indicating  in  faithful  line  work  the  differences  of  the  minerals 
has  prompted  putting  initials  on  them.  G  is  pimet ;  F,  feld- 
spar; A,  amphibole;  H,  hypei-sthene ;  B,  biotite  and  the 
hachures  are  uniform  for  each. 

The  hypersthene  with  pink  to  ^reen  pleochroism  repeatedly 
passes  into  garnet  which  has  a  tmt  much  like  its  pink  The 
same  cracks  run  through  both  and  it  is  not  always  possible  to 
be  sure  when  the  pink  shows,  which  mineral  is  present,  until 
either  the  pleochroism  or  the  isotropic  character  is  proved. 
Two  such  are  shown  in  tig.  3,  one  in  the  center,  one  in  the 
lower  right-hand  quadrant.  Pleochroic  hypersthene  passes  in 
a  similar  way  into  non-pleochroic  pyroxene.  The  same  cleav- 
age cracks  pierce  both,  but  the  extinction  angles  are  different, 
rising  in  the  latter  to  various  angles  from  27°-44°.  In  in- 
stances the  hornblende  seems  also  to  have  resulted  from  the 
hypersthene.  Biotite  favors  the  neighborhood  of  magnetite, 
but  in  fig.  3  is  shown  cutting  a  garnet  mass  in  two.  It  is  com- 
paratively rare. 

It  may  be  said,  therefore,  that  in  the  walls  we  have  a  coarsely 
crystalline  rock,  containing  plagioclase,  hornblende  and  mag- 
netite, but  chiefly  the  first  named.  In  the  shear-zone,  the  dark 
silicates,  hypersthene,  green  monoclinic  pyroxene  and  garnet 
are  collectively  most  abundant  and  with  them  is  considerable 
plagioclase,  a  little  hornblende,  biotite  and  magnetite.  The 
nypersthene  passes  into  the  monoclinic  pyroxene  and  into 
garnet  both  of  which  are  considered  to  be  derived  from  it. 
That  the  feldspar  has  also  helped  to  furnish  these  minerals, 
probably  by  contributions  of  calcium  and  aluminium,  is  a  well- 
nigh  irresistible  conclusion  from  the  way  it  is  distributed  in 
isolated  patches  through  them.    Dynamic  effects  are  abundant. 
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The  strip  of  the  shear-zone  may  have  been  more  basic  origi- 
nally than  the  walls,  and  may  have  contained  more  bisilicates 
or  else  infiltration  has  rendered  it  more  basic.  Alternations 
from  light  to  dark  so-called  norite  are  not  uncommon  in  the 
mountains,  especially  where  the  rocks  are  gneissoid.  Being 
dynamically  affected  by  faulting  its  minerals  were  crushed  to 
the  shreds  in  which  we  now  see  them  and  the  secondary  ones 
resulted.  The  hypersthene  is  regarded  as  an  original  mineral 
because  it  is  abundant  in  the  less  disturbed  districts  and  is  a 
more  distinctivel;]^  igneous  mineral  than  those  derived  from  it. 
It  cannot  be  denied,  however,  that  the  sheared  zone  may  have 
been  an  original  dike.  If  so  its  mineralogy  and  structure  have 
been  completely  reorganized.  So  far  as  observations  go,  dia- 
base dikes  are  quite  plentiful  in  the  outskirts  of  the  mountains, 
but  in  neither  of  tnese  characters  does  the  shear-zone  bear 
indication  of  ever  having  been  diabase.  The  dynamic  meta- 
morphism  of  diabase  has  been  shown  in  numerous  instances  in 
this  country  and  abroad  to  yield  amphibolites.  The  shear-zone 
is  more  liKe  an  eklogite  than  anything  else.  Moreover  an 
intrusion  of  norite  as  a  dike  is  a  new  phenomenon  for  this 
region  whose  n'oritic  exposures  are  singular  massive  or  gneis- 
soid and  send  out  so  far  as  known,  no  dikes  whatever.  It  is 
stated  by  Bedfield  that  other  and  smaller  dikes  similar  to  the 
large  one  occur  on  Mt.  Mclntyre  and  frequently  appear  in  the 
beds  of  brooks.  He  refers  the  lines  of  drainage  to  the  greater 
relative  decomposition  of  the  supposed  dikes.  While  no  other 
one  was  seen  by  the  writer  which  would  be  analogous  to  the 
shear  zone,  these  smaller  occurrences  ought  to  prove  to  be 
diabase  or  some  similar  rock  if  they  really  are  intrusions. 

A  mineral  aggregate  similar  to  that  of  the  shear-zone  was  met 
on  Trembleau  Point  just  south  of  Port  Kent,  and  in  the  rail- 
ways cuts.  The  country  rock,  which  contains  coarse  plagio- 
clase  and  monoclinic  pyroxene  as  well  as  hypersthene,  passes  at 
times  into  dark,  gneissoid  bands,  easily  mistaken  at  first  glance 
for  trap  which  also  seams  the  cuts  in  all  directions.  In  the 
slides  tnese  bands  are  practically  identical  with  the  Avalanche 
shear-zone  although  at  times  containing  more  biotite.  They 
make  no  recesses  because  freshly  exposed. 

A  case  of  a  shear-zone  was  also  met  at  Hammondville  in 
the  No.  7  slope  of  the  iron  mines.  The  workings  run  down 
following  a  bed  of  magnetite,  for  700-800  feet.  They  pene- 
trate three  narrow  diabase  dikes,  by  each  of  which  the  ore  is 
faulted  about  15  feet.  The  workings  finally  met  another  dark 
strip  and  the  ore  was  cut  off.  A  specimen  was  gathered  under 
the  impression  that  it  was  trap,  but  the  section  shows  crushed 
remnants  of  the  gneiss  which  is  the  wall  rock.  It  is  mostly 
chloritic  alteration  products,  with  shattered  and  strained  grains 
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of  quartz,  sheared  micas  and  recognizable  fragments  of  plagio- 
dase  in  the  midst  of  decomposition  material  furnished  by 
them.  As  the  faalt  was  in  a  different  kind  of  rock  from  the 
shear-zones  in  norite,  its  products  are  somewhat  different,  and 
the  great  proportion  of  hydrated  silicates  give  the  impression 
that  the  shear-zones  earlier  described  may  be  the  result  of  a 
secondary  metamorphism  which  the  one  at  Hammondville  has 
not  experienced.  This  fault  broke  the  ore  and  drill  holes  have 
failed  to  find  it  again.  Experience  in  mining  the  adjacent 
Penfield  bed  has  shown  that  the  ore  is  cut  off  where  the  work- 
ings extend  under  a  neighboring  gully,  and  suggests  that  these 
topographical  features  are  due  in  instances  at  least  to  faults. 
Such  an  explanation  has  proved  true  in  many  regions  else- 
where* and  will  probably  be  applicable  to  some  valleys  of 
large  size  in  the  Adirondacks. 

Crushed  strips  along  faults  are  well  known  in  mining  dis- 
tricts and  have  often  furnished  the  receptacles  for  ores,  as  at 
Butte,  Montana.f  The  drift  of  modem  opinion  refers  to  them 
an  increasing  number  of  so-called  fissure  veins.  Where  condi- 
tions are  unfavorable  for  vein  formation  dynamic  metamor- 
phism results.  The  work  of  Lossen,  G.  H.  "Williams,  Teall 
and  many  others  has  shown  the  widespread  effects  of  dynamic 
metamorphism,  but  a  somewhat  careful  review  has  failed  to 
reveal  descriptions  of  any  instances  of  such  restricted  effect 
and  such  mineralogical  results  as  are  exhibited  on  Avalanche 
Lake. 

Geological  Laboratory,  Columbia  College. 


Akt.  XVI. — On  Herderite  from   Hebron^  Maine;    by   H. 
L.  Wells  and  S.  L.  Penfield. 

During  the  summer  of  1891  we  received  from  Mr.  L.  K. 
Stone  of  Paris,  Maine,  a  small  mineral  specimen  for  identifica- 
tion. The  unknown  mineral  consisted  of  a  few  yellowish 
white  crystals  on  albite.  They  were  about  S-S"*""  in  length  and 
their  total  weight  probably  did  not  exceed  2  or  3  grams.  Mr. 
Stone  stated  that  this  was  the  only  specimen  of  the  mineral 
that  had  been  found,  and  that  it  was  discovered  in  1890  at  the 
poUucite  locality  in  Hebron. 

A  preliminary  examination  proved  that  the  mineral  was  a 
phosphate,  very  slowly  soluble  m  hydrochloric  acid  and  yield- 

*  J.  H.  Kinahan,  Valleys  and  their  Relations  to  Fissures,  Fractures  and  Faults. 
London :  Triibner  k  Co. 

f  S.  F.  Emmons,  Notes  on  the  Geology  of  Butte,  Trans.  Inst.  Min.  Eug.,  July, 
1887,  and  Structural  Relations  of  Ore  Deposits,  idem,  xvi,  804. 
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ing  nearly  neutral  water  in  a  closed  tube.     The  latter  reaction 
is  entirely  different  from  that  of  the  Stoneham  herderite,  which 

g'ves  off  very  acid  water  and  etches  the  glass  decidedly, 
jfore  the  bbwpipe  in  the  platinum  forceps  it  turned  white, 
sprouted  and  fused  at  about  3  to  a  white  enamel,  coloring  the 
flame  very  pale  green.  Only  a  few  fragmentary  crystals  could 
be  found  wnich  were  suitable  for  measurement.  The  crystals 
had  the  habit  shown  in  the  accompanying  figure.  They  were 
attached  so  that  only  the  faces  at  one 
extremity  of  the  macro-axis  were 
developed  and  were  grouped  in  nearly 
parallel  position  but  with  the  basal 
planes  slightly  divergent. 

The  forms  which  were  observed  are : 

c,  001,  O;  m,  no,  I;  n,  331,  3  and  $',  332,  | 

The  basal  planes  were  irregular  and  yielded  no  satisfactory 
reflections  of  the  signal,  while  m  and  q  were  small  and  fre- 
quently wanting.  All  of  the  faces  except  c  were  usually 
striated. 

The  measurements  which  were  made  are  given  below.  The 
calculated  values  are  derived  from  the  axial  ratio  established  by 
Prof.  E.  S.  Dana*  from  the  Stoneham  herderite. 


Calculated. 

n^n,    331a33I=     IS**    V 

•46»  10' 

IS**  26' 

45"    6' 

nyvfi,    33l^531=*102M2' 

103"  y 

103"  24' 

»^m,  331  A  110=      22"  14' 

22"  63' 

22"  33' 

n^q,    331^332=      16"  50' 

16"  32' 

17"    9' 

Herderite  was  not  suggested  to  us  by  the  preliminarv  exami- 
nation, and  the  measurements  showed  such  a  close  relation  to 
the  angles  of  childrenite,  that  we  fully  expected  the  mineral  to 
be  some  new  variety  of  the  latter,  possibly  a  beryllium  chil- 
drenite. It  was  not  till  the  results  of  the  quantitative  analysis 
were  obtained  that  we  became  aware  of  the  true  character  of 
the  mineral. 

The  similarity  in  crystalline  form  between  childrenite  and 
herderite  is  as  follows : 

Childrenite.  Correapondlng  forms  on  herderite. 

6,     010,  i-l  c,     001,  0 

101,1-1  w,     110,1 

p,     111,1  n,     331,3 

*,     121,  2-2  q,     332,  f 

Childrenite  a:  6:c=  -7780:  1 : -5267 
Herdwlte  in  corresponding  position  a'.h\c:=^  '7762  :  1 :  *4929 

The  axial  ratio  of  the  herderite  was  derived  from  the  angles 
marked  by  asterisks  in  the  above  table  of  measurements.     The 


* 


This  Journal,  III,  xxvii,  229. 

Am.  Joub.  Sol—Third  Series,  Vol.  XLIY,  No.  260.~Auqust,  1892. 
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angle  831 /\  331  could  not  be  measured  with  certainty  as  the 
crystal,  which  was  selected  as  best,  gave  double  reflections  from 
one  of  the  faces.  The  angle  102°  22'  was  selected  as  funda- 
mental as  it  was  from  the  brightest  reflection,  while  103**  T 
agrees  better  with  the  calculated  angle  of  herderite. 

The  resemblance  between  the  two  minerals  is  remarkable, 
but  since  no  chemical  relation  between  them  apparently  exists, 
except  that  both  are  phosphates,  the  similarity  in  form  may  be 
accidental. 

The  whole  specimen,  except  two  or  three  small  crystals, 
was  sacrificed  for  a  chemical  examination.  The  material  was 
so  intimately  mixed  with  albite  that  the  greater  part  of  it  had 
to  be  separated  by  Thoulet's  solution.  The  specific  gravity  of 
a  pure  crystal  as  shown  by  the  heavy  solution  was  2*975,  that 
of  the  Stoneham  herderite  was  3*000.  The  material  used  for 
analysis  varied  between  2-980  and  2853. 

A  careful  qualitative  analysis  showed  the  presence  of  beryl- 
lium oxide  and  the  absence  of  all  other  bases  except  lime. 
The  phosphoric  acid  determination  was  made  in  a  separate 
portion  by  the  molybdic  acid  method.  The  beryllium  oxide 
and  water  were  determined  by  methods  analogous  to  that 
described  by  one  of  us  for  the  analysis  of  herderite.*  Unfor- 
tunately the  determination  of  lime  was  a  failure  and  there  was 
not  enough  material  for  making  a  new  determination.  The 
fluorine  was  determined  by  weiring  silicon  fluoride,  using  a 
modification  of  Fresenius'  apparatus. 

The  results  of  the  analysis  are  as  follows : 

Found. 

P,0. 40-81 

BeO 15-32 

OaOf [32-54] 

H.O 5-83 

F -40 

Insol 5-27 


Deducting 
Insol. 

Calculated  for 
CaBeOHPO*. 

43-08 

16-18 

[34-35] 

6-15 

•42 

44-10 

15-53 

84-78 

5-69 





100-17  100-18  100-00 

The  analysis  shows  the  mineral  to  be  a  new  and  interesting 
variety  of  herderite  almost  free  from  fluorine.  The  result  con- 
firms the  idea  advanced  by  Penfield  and  Harper  that  fluorine 
and  hydroxyl  are  mutually  replaceable  in  herderite,  and  the 
formula  deduced  by  them  for  the  mineral  is  confirmed. 

^SbefBeld  Scientific  School,  March,  1892. 

*  Penfield  and  Harper,  this  Journal,  111,  xzzii,  107. 
t  By  difference. 
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Aet.  XVII. — A   method  for  the  lodometric  Determination 
of  Nii/rate%;  by  F.  A.  Gooch  and  H.  W.  Gruener. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Tale  College— XV.] 

It  has  been  shown  by  DeKoninck  and  Nihoul*  that  nitrates 
may  be  decomposed  completely  by  the  prolonged  action  of 
gaseous  hydrochloric  acid,  and  determined  with  accuracy  by 
measuring  the  iodine  set  free  when  the  products  of  decomposi- 
tion, carefully  kept  from  atmospheric  contamination,  act  upon 
potassium  iodide.  These  investigators  recognized  the  diffi- 
culties attending  the  use  of  gaseous  hydrochloric  acid  in  analyt- 
ical processes,  and  endeavored  unsuccessfully  to  substitute  the 
strong  aqueoas  solution  for  the  gaseous  acid.  The  work  to  be 
described  in  the  following  account  was  performed  in  the  search 
for  a  simpler  method  for  the  iodometric  determination  of 
nitrates. 

According  to  a  process  recently  developed  in  this  laboratoryf 
chloric  acid  may  be  determined  with  the  greatest  ease.  It  was 
shown  that  in  the  interaction  of  a  chlorate  with  potassium 
iodide,  arsenic  acid,  and  sulphuric  acid,  in  regulated  quantities 
in  aqueous  solution  and  at  the  boiling  temperature,  the  first 
action  of  the  hydriodic  acid  set  free  from  the  iodide  by  the 
sulphuric  acid  is  upon  the  chloric  acid,  and  that  not  until  this 
action  is  completed  is  the  arsenic  acid  attacked  and  reduced 
with  the  simultaneous  liberation  of  a  corresponding  amount  of 
iodine.  If  the  arsenic  acid  is  taken  in  quantity  sufficient  to 
insure  the  final  decomposition  of  the  entire  amount  of  iodide 
present,  the  arsenious  acid  found  at  the  end  of  the  action  is  an 
exact  measure  of  .the  amount  of  iodide  which  escaped  the 
action  of  the  chlorate ;  and,  the  quantity  of  iodide  originally 
taken  being  known,  the  amount  acted  upon  by  the  chlorate, 
and  so  the  amount  of  the  chlorate  itself,  becomes  known.  The 
arsenious  acid  is  determinable  with  great  accuracy  iodometri- 
cally,  and  the  chief  advantage  of  the  process  lies  in  the  fact 
that  the  titration  is  made  upon  the  residue,  and  that,  no  collec- 
tion of  the  distillate  being  necessary,  the  sole  apparatus  em- 
ployed in  the  process  proper  is  an  Erlenmeyer  beaker  and  a 
bulbed  tube  hung  in  its  neck  as  a  trap  to  prevent  mechanical 


This  process  we  endeavored  to  apply  to  the  determination  of 
nitrates,  but  under  none  of  the  many  variations  of  form  and 
changes  of  conditions  under  which  we  tested  it,  were  we  able 
to  secure  complete  decomposition  of  the  nitrate  without  so 


*Zeitsehr.  fur  angewandte  Chemie,  1890,  p.  477. 
f  Gooch  and  Smith,  this  Journal,  vol.  xlii,  p.  220. 
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increasing  the  strength  of  the  snlpharic  acid  that  it  was  acted 
upon  by  hjdriodic  acid  with  the 'consequent  unregistered 
escape  of  products  of  decomposition; 

Tne  endeavor  to  substitute  a  process  essentially  similar  in 
principle,  in  which  hydrochloric  and  antimonic  acids  should 
replace  the  sulphuric  and  arsenic  acids  proved  likewise  un- 
successful. 

Abandoning  therefore  all  attempts  to  so  arrange  the  process 
that  the  oxidizing  action  of  the  nitrate  should  be  registered  in 
the  residue,  search  was  made  for  a  reagent  which  should  be 
capable  of  inducing  easy  decomposition  of  nitrates  (after  the 
manner  of  ferrous  salts  in  acid  solution)  and  yet  (unlike  ferrous 
salts)  should  be  so  I'eadily  restored  to  its  primitive  condition 
that  the  products  of  the  oxidizing  action  of  the  nitrate  should 
finally  pass  entirely  to  the  distillate  and  be  registered  there. 
We  have  found  the  desired  combination  of  qualities  in  manga- 
nous  chloride  dissolved  to  saturation  in  concentrated  hydro- 
chloric acid.  This  reagent  is  acted  upon  but  slowly  by  nitrates 
at  the  ordinary  temperature,  but  upon  warming  the  nitrate 
begins  at  once  to  decompose  with  the  formation  of  a  hi^er 
chloride  of  manganese  and  liberation  of  nitric  oxida  Ulti- 
mately if  the  heating  is  continued  the  chlorine  of  the  higher 
chlorides  is  evolved  and  manganous  chloride  remaina  During 
the  process  of  heating  the  color  of  the  solution  passes  from  the 
original  characteristic  green  through  darker  shades  to  black 
and  returns  by  the  reverse  changes  to  the  original  tint.  The 
decomposition  of  the  nitrate  extends  under  the  conditions  to 
the  last  traces,  but  the  breaking  up  of  the  nitrates  with  the 
formation  of  the  higher  chloride,  does  not  take  place  com- 
pletely in  the  presence  of  water  amounting  to  more  than  a 
third  of  the  volume  of  the  solution,  and  an  action  already  estab- 
lished in  strong  acid  is  reversed  by  the  addition  of 'a  large 
amount  of  water.  Chlorates,  peroxides,  and  other  substances 
which  liberate  oxygen  or  chlorine  when  in  contact  with  strong 
hydrochloric  acid  induce  similar  phenomena,  but  in  the  absence 
of  such  other  substances  the  reaction  serves  to  detect  nitrates 
when  present  in  fairly  small  amounts  (perhaps  one  part  in 
sixty  thousand)  as  shown  in  the  accompanying  table  : 


KNO, 

MnCl, 

.4H,0 

Color 

taken. 

in  strong  Ha 

developed. 

0-01000  grm. 

10. 

cm* 

Black. 

0-00500 

5 

Black. 

0-00100 

5 

Dark  brown. 

0-00060 

5 

Dark  green. 

0-00025 

5 

Deepened  tint. 

0-00015 

5 

Deepened  tint. 

0-00005 

5 

None. 

0-00000 

5 

None. 
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In  the  first  attempts  to  apply  this  reaction  to  the  quantita- 
tive estimation  of  nitrates,  10  cm*  of  the  manganous  mixture, 
the  pare  weighed  nitrate,  and  an  excesss  of  potassium  iodide 
were  put  in  a  tabulated  retort  fitted  with  a  hollow  ground  stop- 
per drawn  out  at  both  ends  so  as  to  serve  for  the  introduction 
of  carbon  dioxide  evolved  in  a  Kipp's  generator  charged  with 
marble  and  acid  previously  boiled.  The  neck  of  tne  retort 
passed  through  a  rubber  stopper  nearly  to  the  bottom  of  a  side- 
neck  Erlenmeyer  flask,  used  as  a  receiver,  in  the  mouth  of 
which  the  stopper  fitted  tightly.  The  side-neck  of  the  receiver 
was  joined  by  a  rubber  connector  with  a  bent  glass  tube  pas- 
sing through  a  rubber  stopper  and  reaching  nearly  to  the  bot- 
tom of  a  side-neck  test  tube  into  the  moath  of  which  the  stop- 
per was  fitted. 

The  first  receiver  contained  hydrogen  sodium  carbonate  in 
excess  of  the  amount  needed  to  neutralize  the  acid  in  the 
retort  as  it  should  distil  over,  a  considerable  quantity  of  potas- 
sium iodide  (about  8  grra.)  to  aid  in  dissolving  condensed 
iodine,  and  arsenious  oxide  in  known  amount  and  in  excess  of 
the  quantity  necessary  to  convert  to  hydriodic  acid  the  free 
iodine  evolved.  The  second  smaller  receiver  was  partly  filled 
with  a  dilute  solution  of  potassium  iodide  and  hydrogen 
sodium  carbonate.  The  current  of  carbon  dioxide  was  started 
immediately  upon  introducing  the  contents  of  the  retort,  and 
the  air  was  safely  removed  before  the  darkening  of  color, 
which  begins  to  appear  very  soon,  had  spread  through  the 
liquid.  Heat  was  applied,  and  the  evolution  of  nitric  oxide  and 
later  that  of  iodine  began.  The  distillation  was  continued  until 
nearly  all  the  liquid  had  passed  over.  Finally,  the  contents 
of  both  receivers  were  united  and  titrated  agamst  deci normal 
iodine.  The  excess  of  arsenious  oxide  remaining  unoxidized 
was  taken  as  the  measure  of  the  iodine  liberated  and,  accord- 
ingly, of  the  nitrate  decomposed,  upon  the  presumption  that 
two  molecules  of  the  nitrate  liberate  ultimately  six  atoms  of 
iodine  according  to  the  equation 

2HN0,  +  6H-I  =  4H,0  +  2IS  O  +  311. 

The  choice  of  the  solution  for  the  retention  of  the  halogen 
evolved  was  dictated  by  the  consideration,  in  the  first  place, 
that  very  little  iodine  could  pass  through  the  alkaline  arsenite 
to  come  into  contact  with  the  rubber  stopper  of  the  receiver 
on  the  way  to  the  second  absorbing  liquid,  and,  secondly,  that 
higher  oxides  of  nitrogen  reformed  by  the  action  of  traces  of 
air  possibly  introduced  with  the  carbon  dioxide  or  imperfectly 
removed  by  it  could  not  liberate  iodine  from  an  iodide  in 
in  alkaline  solution. 
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The  iodide  was  introduced  into  the  retort  because  having 
chosen  to  collect  the  halogen  in  alkaline  solution  it  became 
necessary  to  take  steps  to  break  up,  before  it  should  reach  the 
receiver,  all  nitrosyl  chloride,  the  formation  of  which  our  ex- 
perience in  former  lines  of  work  not  here  detailed  had  led  us 
to  expect  under  the  circumstances.  In  acid  solution  containing 
an  iodide,  nitrosyl  chloride  liberates  iodiue  and  is  registered ; 
in  alkaline  solution  it  breaks  up  with  the  formation  of  a 
chloride  and  a  nitrite,  the  latter  naving  no  immediate  action 
upon  the  arsenite.  The  results  of  experiments  made  in  this 
manner  are  recorded  in  the  accompanying  table. 

Table  I. 


KNO, 

Klin 

MnCl, 

KNO, 

taken. 

retort. 

mixture. 

found. 

Error. 

0-1036  grm. 

0-8  grm. 

10  cm' 

0-1009  grm. 

00027  grm.- 

0-1088     " 

0-8     ** 

10    " 

0-1082     " 

0-0001     "     — 

0-1064     " 

0-8  -  " 

10     " 

0-1063     " 

0-001 1     "     - 

0-1068     " 

0-8     " 

10   ." 

0-1033     " 

0-0035     "     — 

0-0561     " 

0-8     " 

10     " 

0-0531     " 

0-0020     "     - 

The  experiments  of  Table  II  were  carried  out  in  a  manner 
essentially  similar  to  that  of  the  experiments  of  Table  I, 
excepting  the  single  point  that  the  iodine  evolved  in  the 
process  of  decomposition  of  the  nitrate  was  received  in  potas- 
sium iodide  instead  of  in  an  alkaline  arsenite.  The  contents 
of  the  receivers  were  united,  made  alkaline  with  hydrogen 
sodium  carbonate,  treated  with  an  excess  of  decinormal  arse- 
nious  acid,  and  the  unoxidized  arsenious  acid  was  determined 
by  decinormal  iodine. 

Table  II. 


KNO 

t 

KI 

in 

MnCla 

KNO, 

taken. 

retort. 

mixture. 

found 

Error. 

0'2039  grm. 

16  grm. 

20  cm* 

0'2025  grra. 

0-OOU  grm.— 

0-1060 

cc 

0-8 

u 

10 

(C 

0-1036 

u 

0-0025 

«    

0-1036 

a 

0-8 

« 

10 

(( 

01016 

u 

0-0020 

a     

0-1013 

u 

0-8 

(C 

10 

C( 

0-1002 

ic 

0-0011 

((     

0-0521 

a 

0-5 

4( 

10 

ii 

00521 

a 

0-0000 

<«     ^ 

0-0235 

a 

0-5 

u 

5 

it 

0-0227 

iC 

00008 

((     

0-0273 

a 

0-5 

a 

5 

(t 

00262 

u 

0-0011 

«     

0-0136 

<( 

0-2 

a 

5 

(( 

0-0132 

(( 

0-0004 

a     

0-0011 

fc< 

0-2 

(( 

5 

(C 

0-0009 

(( 

0-0002 

«<     

The  errors  of  both  sets  of  experiments,  those  of  Table  I 
and  those  of  Table  II,  are  considerable,  all  lie  in  the  same 
direction,  and  are  indicative  of  too  low  registering  of  the 
action  of  the  nitrate,  since  of  the  complete  decomposition  of 
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the  nitrate  there  can  be  no  reasonable  doubt  ill  view  of  the 
proved  behaviour  of  the  manganese  salt  toward  small  amounts 
of  nitrates.  To  us  it  seemed  probable  that  the  explanation  of 
these  results  was  to  be  sought  in  the  failure  of  the  titration 
in  alkaline  solution  to  indicate  completely  all  the  final  products 
of  the  action  of  the  nitrate.  The  formation,  even  m  small 
amounts,  of  compounds  of  nitric  oxide  with  iodine  analogous  to 
those  which  we  know  to  be  formed  with  bromine  and  cluorine, 
or  the  partial  reoxidation'  of  the  nitric  oxides  by  the  action  of 
iodine  with  the  aid  of  water,  an  action  which  we  recognize  as 
possible  under  certain  conditions  of  dilution,  would  account 
satisfactorily  for  the  deficiency  in  the  results  of  titration  ef- 
fected in  alkaline  solution.  Upon  this  presumption  the  simple 
and  obvious  modification  of  titrating  in  acid  solution  should  cor- 
rect the  error.  Accordingly  in  the  following  series  of  experi- 
ments the  plan  of  collecting  the  halogen  and  titrating  in  alkaline 
solution  was  abandoned,  and  since  the  addition  of  an  iodide  to 
the  retort  was  no  longer  essential  this  practice  was  discon- 
tinued. The  products  of  the  action  of  the  nitrate  upon  the 
manganese  mixture— chlorine,  nitric  oxide  and  perhaps  nitrosyl 
chloride, — were  received  directly  in  potassium  iodide,  and  the 
iodine  set  free  was  titrated  by  sodium  thiosulphate,  itself  stan- 
dardized against  iodine  of  known  value  with  respect  to  a  stan- 
dard solution  of  decinormal  arsenious  oxide. 


With  the  abandonment  of  the  plan  of  putting  the  alkaline 
arsenite  into  the  receiver  the  tendency  of  the  iodine  to  pass 
onward  to  the  second  receiver  is  augmented  and  the  possible 
action  of  the  rubber  stopper  of  the  receiver  becomes  corre- 
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spondingly  dangerous.  We  modified  the  apparatus,  therefore, 
so  that  only  glass  should  occur  where  by  any  possibility  rubber 
connections  might  act  upon  the  free  halogen.  In  place  of  the 
ordinary  retort  we  adopted  a  form  of  apparatus  made  use  of 
formerly  by  one  of  us  in  the  quantitative  distillation  of  boric 
acid  under  the  action  of  methyl  alcohol— a  pipette  bent  and 
fitted  as  shown  in  the  figure.  To  this  apparatus  was  sealed  a 
Varrentrapp  and  Will  nitrogen  bulb,  the  exit  tube  of  which 
was  drawn  out  so  that  it  might  be  pushed  well  within  the  inlet 
tube  of  the  second  receiver — a  Will  and  Varrentrapp  absorp- 
tion flask — and  held  in  place  by  an  outside  rubber  connector. 
The  third  receiver  acts  simply  as  a  trap  to  exclude.air  from  the 
absorption  apparatus  proper.  In  conducting  the  experiment 
the  receivers  were  charged  with  solutions  of  potassium  iodide, 
the  first  containing  three  grams,  the  second  one  gram,  and  the 
third  only  a  fraction  of  a  gram  for  every  tenth  of  a  gram  of 
nitrate  used.  The  first  receiver  was  kept  cool  during  the 
process  by  immersion  in  water.  The  introduction  of  the 
nitrate  and  manganous  mixture  following  it  was  made  easy  and 
safe  by  applying  gentle  'suction  to  the  end  of  the  absorption 
train.  The  current  of  carbon  dioxide  was  started  immediately 
after  putting  in  the  manganous  mixture,  and  after  a  suitable 
time  had  elapsed  for  the  removal  of  air  heat  was  applied  to 
the  retort  and  the  distillation  was  continued  until  nearly  all  the 
liquid  had  passed  over.  Finally  the  contents  of  the  receivers 
were  united,  the  washing  of  the  bulbs  was  effected  easily  and 
expeditiously  by  passing  the  wash-water  directly  through  retort 
and  receiver  (the  introduction  of  the  manganese  chloride  into 
the  distillate  being  not  at  all  prejudicial  to  the  accuracy  of  the 
titration^  and  the  estimation  of  free  iodine  made  by  sodium 
thiosulpnate  as  described.  The  results  of  the  experiments  con- 
ducted in  this  manner  are  given  in  Table  III. 

These  results  are  fairly  satisfactory.  The  mean  error  of  the 
entire  series  is  practically  nothing.  The  manipulation  is  easy 
and  rapid. 

In  brief,  the  process  which  gives  us  these  results  consists  in 
the  distillation  of  the  mixture  of  the  nitrate  with  a  saturated 
solution  of  crystallized  manganous  chloride  in  strong  hydro- 
chloric acid  in  an  atmosphere  of  carbon  dioxide,  the  passage  of 
the  products  of  action  into  potassium  iodide,  and  the  titration 
of  the  liberated  iodine  by  sodium  thiosulphate.  It  is  important 
to  take  precautions  to  prevent  the  contact  of  the  free  halogen 
with  rubber  stoppers  or  connectors,  and  any  apparatus,  suitable 
for  ordinary  quantitative  distillation  and  absorption,  which 
meets  this  condition  will  probably  answer  the  requirements  of 
the  process.  Our  own  preference  is  for  the  apparatus  described 
and  figured. 
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KNO, 
taken. 

0*2038  grm. 

0-2053  " 

0-1032  ** 

0-1017  " 

0-1049  " 

0-1027  " 

0  0524  " 

0-0513  « 

00354  " 

0-0232  " 

O0107  " 

0-0127  " 

0-0145  " 

00053  " 

00043  " 

0-0014  '^ 

0-0000  " 


MnCU 
mixture. 

20  cm' 

20  " 

10  " 

10  " 

10  '' 

10  " 

10  " 

10  " 

10  " 

10  " 

5  " 

5  " 

5  « 

5  « 

5  «* 

5  « 


Table 

KNO. 
found. 

0-2047  gi-m. 
0-2067  " 
0-1035  " 
0-1004  " 
01049  '* 
01023  •* 
0-052C  " 
0-0512  " 
0-0350 
0-0230 
0-0106 
0-0130 
0-0143 
0-0052 
0-0047 
0-0018 
0-0000 


a 
(i 


(4 


III. 

Error 

in  terms  of 

KNO,. 

0-0009  grm. 

0-0004  " 

0-0003  " 

0-0013  « 

0-0000 

0-0004 

0-0002 

0-0001 

0-0004 

0-0002 

0-0004 

0-0003 

0-0002 

0-0001 

0-0004 

0-0004 

O'OOOO 


a 

a 
a 

4C 


u 

a 


Error 

in  terms  of 

HNO,. 

0-0005  grm. 

0-0003  " 

00002  " 

0-0008  " 

0-0000  " 

0-0003  " 

0-0001  " 

0-0001 

0-0003 

0-0001 

0-0001 

0-0002 

0-0001 

0-0001 

0-0003 

0-0003 

0-0000 


ii 


it 
it 


The  titration  should  be  completed  as  soon  as  may  be  after 
admitting  air  to  the  distillate  in  order  that  traces  of  dissolved 
nitric  oxide  may  not  be  reoxidized  and  again  react  upon  the 
iodide  present  to  liberate  more  iodine. 


Art.  XVIII. — On  some  Alkaline  lodates;  by  H.  L.  Wheeler. 
With    CrystaUographic  Notes ;  by  S.  L.  Penfield. 

While  work  on  the  compounds  of  iodine  trichloride  with 
alkaline  chlorides*  was  in  progress  in  this  laboratory,  it  was 
noticed  in  making  KCl .  Cl.I,  KbCl .  Cl.I  and  CsCl .  Cl.I  that 
white  crystals  were  often  formed  under  certain  conditions. 
These  compounds  proved  to  be  KCl .  KIO, .  HIO, ,  KbCl .  HIO, 
and  2C8IO, .  1,0 j.  Since  they  were  not  analogous,  although 
formed  under  similar  conditions,  and  since  the  rubidium  and 
essinm  salts  have  not  been  described,  an  investigation  of  them 
was  undertaken.  Attempts  to  prepare  these  compounds  by 
other  methods  led  to  the  discovery  of  several  other  iodates. 
The  new  compounds  that  have  been  prepared  are  as  follows : 


RblO, 

RblO. .  HIO, 
RblO. .  2HI0. 
RbCl.HIO, 
3RbCl .  2H10. 


CsIO, 

2CsI0. .  1,0, 
2CsI0. .  LO, .  2HI0. 
CsCl.HIO. 


*  This  Journal,  xliv,  42. 
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The  compound  which  separated  from  the  solution  of  the 
potassium  pentahalide  has  already  been  described,  but  since 
this  is  a  new  method  of  preparation  and  since  there  are  con- 
flicting statements  concerning  its  state  of  hydration,  it  has 
been  re-investigated. 

The  results  of  the  investigation  of  the  rubidium  salts  show 
that  the  normal  iodate  is  the  only  one  of  the  series  that  can 
be  recrystallized  unaltered  from  an  aqueous  solution.  In  the 
case  of  the  caesium  compounds,  the  normal  iodate  and  the  salt 
2CsI0, .  I,Oj  are  not  decomposed  by  water.  The  other  caesium 
iodates  give  2CsI0, .  1,0^  when  recrystallized  from  water  and 
not  the  normal  iodate,  thus  showing  an  interesting  difference 
between  the  rubidium  and  csesium  compounds. 

It  is  the  tendency  of  the  acid  rubidium  iodates  to  separate 
in  a  higher  state  of  hydration  than  the  corresponding  caesium 
compounds. 

It  is  also  an  interesting  fact  that  the  formation  of  the  com- 
pounds of  normal  chloride  and  iodic  acid  was  not  observed  on 
mixing  the  constituents.  In  the  case  of  rubidium,  products 
were  obtained  which  proved  to  be  RblO,,  RblO, .  HIO,  or 
RblO, .  2HI0,  according  to  the  concentration  of  the  solutions 
and  the  excess  of  RbCl  or  HIO,.  On  the  other  hand  by  add- 
ing hydrochloric  acid  to  a  solution  of  rubidium  iodate,  if  the 
acid  is  dilute  RblO,,  2HI0,  is  formed,  if  concentrated  the 
iodate  is  completely  decomposed.  Similar  experiments  under- 
taken with  caesium  chloride  and  iodic  acid,  did  hot  give  the 
peculiar  double  compound  CsCI .  HIO,  but  resulted,  in  each 
case,  in  the  formation  of  2CsI0, .  1,0.. 

Method  of  Analysis. 

After  the  substances  were  prepared  for  analysis  as  described 
in  detail  beyond,  the  halogens  were  determined  by  first  reduc- 
ing the  solution  of  iodate  with  sulphur  dioxide  then  precipi- 
tating with  silver  nitrate  in  the  presence  of  nitric  acid.  This 
precipitate  was  then  heated  in  a  stream  of  chlorine,  thus  com- 
bining the  test  for  chlorine  and  its  determination  in  one  opera- 
tion. In  the  filtrate  from  the  silver  precipitate  the  alkali 
metal  was  determined  as  sulphate  after  the  removal  of  the 
excess  of  silver  by  means  of  hydrogen  sulphide.  Oxygen  was 
determined  in  a  separate  portion  by  precipitation  with  silver 
sulphate,  drying  the  precipitate  at  100°  and  then  determining 
the  loss  on  ignition.  Duplicate  halogen  determinations  were 
then  made  in  this  residue.  In  the  case  of  the  compounds  con- 
taining the  group  1,0.,  where  an  error  would  be  introduced 
if  the  oxygen  was  determined  in  this  manner,  the  substance 
itself  was  ignited  and   the  oxygen  calculated  from  the  loss. 
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The  presence  of  water  in  these  compounds  was  determined  by 
directly  weighing  it  in  a  calcium -chloride  tube,  the  substance 
being  ignited  in  a  combustion  tube  containing  a  mixture  of 
lead  chromate  and  lead  oxide. 

Normal  rubidium  iodate^  RhlO^. — This  compound  was 
made  by  adding  one  molecule  of  iodine  pento2dde  in  either 
strong  or  dilute  aqueous  solution,  to  a  solution  of  one  mole- 
cule of  rubidium  carbonate.  If  the  solutions  are  strong,  the 
iodate  separates  as  a  sandy  precipitate,  but  if  they  are  hot  and 
dilute  it  separates  on  cooling  in  small  grains  or  as  a  crystalline 
crnst.  At  23°  100  parts  of  water  dissolve  21  parts  of  the 
salt.  The  compound,  after  filtering  on  the  pump,  washing 
with  a  little  water  and  drying  on  paper,  gave  the  following 
results  on  analysis : 

Found.  Calculated  for  RblOs. 
Rubidium,                        32-17  32-82 

Iodine,  48*50  48-75 

Oxygen,  20*69  18-43 

The  salt  when  heated  decrepitates  strongly,  melts,  gives  off 
oxygen  but  no  iodine,  and  the  residue  is  rubidium  iodide. 
Hydrochloric  acid  readily  dissolves  it  in  the  cold  to  a  faint 
yellow-colored  solution  which  increases  in  color  on  standing. 
On  warming,  chlorine  is  evolved  and  the  solution  turns  bright 
yellow  from  the  formation  of  iodine  trichlorida  If  boiled 
with  strong  hydrochloric  acid,  RbCl .  ClI*  is  formed  which 
separates  on  cooling. 

The  formation  oi  normal  rubidium  iodate  was  also  observed : 
when  a  hot  dilute  aqueous  solution  of  iodine  trichloride  was 
treated  with  rubidium  carbonate.  The  compound  thus  ob- 
tained gave  48-43  per  cent  of  iodine  on  analysis.  Also  by 
dissolving  the  acid  iodate  in  a  strong  hot  solution  of  rubidium 
chloride  and  allowing  the  mixture  to  crystallize.  This  was 
identified  by  a  rubidium  determination  wnich  gave  32-58  per 
cent.  In  general  the  iodates  of  rubidium  all  give  this  body 
when  they  are  dissolved  in  hot  water  and  the  solutions  left  to 
crystallize.  The  products  obtained  in  this  manner  decrepi- 
tated on  heating  and  did  not  give  oflE  iodine.  A  rubidium 
determination  in  the  substance  obtained  from  RbCl .  HIO, 
gave  32-76  per  cent ;  from  3EbCl .  2HI0„  32*22  per  cent. 

Acid  rubidium  iodate^  RblO^HIO^. — This  was  obtained  by 
mixing  warm  solutions  of  one  molecule  of  iodine  pentoxide 
and   two  molecules  of  rubidium   chloride.      The  compound 

fenerally  separates  on  cooling  as  a  heavy  crystalline  powder, 
t  is  dimcultly  soluble  in  cola  water.     Hot  water  dissolves  it 
more  readily  and  on  cooling,  the  normal  iodate  separates.     It 


^  This  Journal,  xliii,  475. 
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is  insoluble  in  alcohol.  The  crystals  were  filtered  on  a  pnmp 
and  washed  with  a  little  cold  water  and  then  pressed  on  paper. 
An  analysis  of  these  dried  at  100°  gave  the  following  results, 
the  oxygen  being  determined  by  difference. 


CalculAted  for  BblO, .  HIO.. 

Rubidium, 

20-13 

19-68 

Iodine, 

6812 

6819 

Oxygen, 

21-46 

21-99 

Hydrogen, 

•29 

•23 

The  reaction  which  takes  place  in  the  preparation  of  this 
compound  is  probably  according  to  the  following  equation  : 

RbCl  +  2niO,=RbIO..  HIO.  +  HCl, 

The  hydrochloric  acid  thus  liberated  reacts  on  a  part  of  the 
iodic  acid,  chlorine  is  evolved  and  the  solution  becomes  yellow. 
When  heated  it  does  not  decrepitate,  but  melts  to  a  yellow 
mass,  ^ves  off  water,  then  iodine  and  finally  froths  with  the 
evolution  of  oxygen.  The  residue  consists  of  rubidium  iodide. 
Diacid  rubidium  iodate^  RhlO^ .  ^HIO^, — For  the  prepara- 
tion of  this  compound  5  grams  of  RblO,  were  dissolved  in 
50  cc.  of  water  with  the  aid  of  heat,  then  13  grams  of  iodine 
pentoxide  in  50  cc.  of  water  were  added,  the  mixture  boiled 
down  to  half  its  volume  and  allowed  to  cool.  The  body  sepa- 
rates as  a  heavy  crystalline  powder.  It  is  difficultlv  soluble  in 
cold  water.  When  dissolved  in  hot  water  and  the  solution 
left  to  crystalline  RbTO,  separates.  The  product  obtained  as 
stated  above  was  separated  from  the  mother  liquor  by  filtering 
on  the  pump,  washed  with  a  little  cold  water  ana  dried  at 
100°. 

2HI0,. 


Found. 

Calculated  for  RblOt 

Rubidium, 

13^93      1413 

13-96 

Iodine, 

61^9l      62^48 

62-20 

Oxygen, 

23-74 

23-51 

Hydrogen, 

•42 

•33 

This  compound  does  not  lose  water  at  100°.  When  heated 
it  does  not  decrepitate,  but  melts,  gives  off  water,  then  iodine 
and  oxygen,  leaving  a  residue  of  rubidium  iodide.  The  com- 
pound was  also  obtained  by  adding  10  cc.  of  hydrochloric  acid 
sp.  gr.  I'l  to  5  grams  of  KblO,  in  20  cc.  of  water.  The  mix- 
ture was  warmed  until  all  the  RblO,  dissolved.  It  gave  a 
faint  yellow  solution  which  slowly  deepened  in  color.  On 
standing,  a  well  crystallized  product  of  the  compound  under 
consideration  was  obtained  containing  14*13  per  cent  of  rubid- 
ium and  62-19  per  cent  of  iodine. 
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The  addition  of  a  saturated  solution  of  rubidium  chloride  to 
syrupy  iodic  acid  produces  a  precipitate  which  dissolves  a^in 
in  the  excess  of  iodic  acid.  When  more  rubidium  chloride  is 
added,  the  whole  being  kept  over  a  lamp,  a  point  is  reached 
where  a  precipitate  begins  to  form  in  the  hot  solution.  This 
is  the  compound  in  question.  It  was  identified  by  a  rubidium 
and  an  iodine  determination.  This  gave  14'17  per  cent  of 
rubidium  and  61-83  per  cent  of  iodine. 

Kb  CI .  HIO^. — This  salt  can  be  made  by  simply  allowing  a 
saturated  solution  of  KbCl .  01 J  to  stand  for  some  hours,  when 
large  colorless  prisms  form,  attached  to  the  plates  of  EbCl . 
C1,L  The  solution,  after  removing  the  crystals,  warming  to 
dissolve  the  pentahalide  and  pressing  chlorine  in  again,  aoes 
not  yield  a  further  deposit  of  the  substance.  This  is  explained 
by  the  fact  that  so  much  hydrochloric  acid  is  formed  in  the 
solution  that  the  formation  of  this  compound  is  prevented. 
The  crystals  remain  unaltered  on  exposure  to  the  air.  On 
treatment  with  cold  water  they  are  decomposed,  losing  their 
luster  and  becoming  white.  The  solution  has  an  acid  reaction 
towards  litmus.  Tne  hot  saturated  solution  of  this  compound 
gives  the  normal  iodate  on  cooling.  The  material  for  analysis 
was  mechanically  separated  from  adhering  RbCl .  CIJ  and 
dried  in  the  air. 

HIO,. 


Found. 

Calculated  for  RbOl 

Rubidium, 

28-88 

28-'78 

Iodine, 

42-29     42-62 

42-76 

Chlorine, 

1209     1213 

U-95 

Oxygen, 

16-33 

16-16 

Hydrogen, 

•26 

•33 

This  salt  can  also  be  prepared  by  adding  a  strong  aqueous 
solution  of  rubidium  hydrate  to  a  strong  solution  of  iodine 
trichloride  in  water.  This  gives  at  first  a  precipitate  of 'the 
compound  SEbCl .  2HI0„  and  the  solution  left  at  rest  for  a 
few  days  ^ves  the  large  well  developed  crystals  of  RbCl . 
HIO,  unmixed  with  RbOl .  01,1.  These  were  identified  by 
their  crystalline  form. 

On  warming  the  crystals  with  hydrochloric  acid  RbOl .  01,1 
is  formed,  probably  according  to  the  following  equation  : 

RbCl.  HI0,  +  6HCl=RbCl .  C1,I  +  3H,0  +  C], 

and  the  RbOl .  01,1  on  further  heating  gives  RbOl .  Oil  with 
the  liberation  of  chlorine.  When  the  substance  is  heated  it 
melts,  gives  off  water,  chloride  of  iodine,  and  oxygen  the 
residue  consists  df  rubidium  chloride  and  iodide.  A  deter- 
mination of  the  halogens  in  this  residue  gave  3-52  per  cent 
of  chlorine  and  68-66  per  cent  of  iodine. 
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SRhCl .  2R10^. — This  com  pound,  which  is  analogous  to  the 
sodium  compound  3NaCl .  2Is  alO, .  9H,0  described  by  Kam- 
melsberg*  and  also  to  the  salt  3NaI .  2NaI0, .  19H,0  obtained 
by  Pennyt  or  3NaI .  2NaI0, .  20H,O  according  to  Marignac,! 
except  that  it  contains  no  water  of  crystallization,  was  preput^ 
by  two  methods.  It  was  obtained  by  the  addition  of  a  hot, 
strong  aqueous  solution  of  rubidium  hydroxide  to  a  strong 
solution  of  iodide  trichloride,  the  latter  being  in  excess.  The 
mixture  was  then  filtered  hot  and  on  cooling,  a  mass  of  fine 
needles  separated.  The  mother  liquor  on  standing  yielded  the 
large  crystals  of  KbCl .  HIO,.  The  needles  are  stable  in  the 
air  and  at  100°.  From  the  hot  saturated  aqueous  solution  of 
the  compound  the  normal  iodate  separates  on  cooling. 

The  formation  of  this  compound  was.  also  observed  on  add- 
ing a  strong  solution  of  rubidium  carbonate  to  a  hot  saturated 
solution  of  RbCl .  C1,I,  the  latter  being  in  excess.  The  color- 
less slender  transparent  needles  thus  obtained  generally  sepa- 
rate in  groups  radiating  from  a  point  on  the  surface  of  the 
yellow  crystals  of  RbCl .  CI,!*  After  separating  the  colorless 
crystals  mechanically  from  the  pentahalide  they  were  air-dried 
on  paper  and  then  analyzed,  while  the  material  obtained  accord- 
ing to  the  previous  method  was  dried  at  100°. 


From  RbOH 

From  RbaOOi 

Calculated  for 

and  ICl,. 

and  RbCl.  Cl.I. 
36-78 

3Rb01.2HIO,. 

Rubidium, 

35-41     34-68 

36-87 

Iodine, 

35-27     3600 

35-87     36-81 

36-62 

Chlorine, 

14-99     14-82 

15-26     15-16 

14-90 

Oxygen, 

13-15 

13-64 

13-43 

Hydrogen, 

•29 

•30 

-28 

When  heated,  the  substance  does  not  decrepitate  but  melts, 
gives  oflE  chloride  of  iodine  and  the  residue  consists  of  a  mix- 
ture of  rubidium  chloride  and  iodide.  A  sample  of  this  resi- 
due gave  on  analysis  9*68  per  cent  of  chlorine  and  38'91  per 
cent  of  iodine. 

Normal  Ca&sium  iodate  CsIOy — This  was  prepared  by  add- 
ing a  moderately  strong  aqueous  solution  of  iodic  acid  to  a 
strong  solution  of  caesium  carbonate,  care  being  taken  to  have 
the  carbonate  in  excess.  When  all  the  iodic  acid  had  been 
added,  the  solution  was  boiled.  On  cooling,  a  crystalline  mass 
separated  consisting  apparently  of  small  cubes.  At  24°,  100 
parts  water  dissolve  2-6  parts  of  the  salt.  It  is  insoluble  in 
alcohol.  The  body  was  prepared  for  analysis  by  filtering  on 
the  pump,  washing  with  cold  water  and  then  pressing  on  paper 
and  drying  at  100^. 

*  Pogg.  Ann.,  xliv,  548;  cxv,  584. 

t  Ann.  Ch.  Pharra.,  xxxvii,  202.       J  Jahresb.,  1857,  124:  Ann.  Min.,  V,  ix,  1. 
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( 

Calculated  for  CsIOs 

Caesium, 

43-08 

43-63 

43-18 

Iodine, 

40-84 

41-23 

Oxygen, 

16-74 

15-59 

This  was  also  obtained  in  attempts  to  prepare  a  csesium  salt 
corresponding  to  3RbCl .  2HI0,  by  adding  csesium  hydrate  or 
carbonate  in  moderately  strong  aqueous  solution  to  a  strong 
solution  of  iodine  trichloride  in  excess,  when  it  at  once  sepa- 
rated in  the  form  of  a  white  sandy  precipitate,  which  under 
,the  microscope  was  seen  to  consist  of  transparent  grains  of 
'indefinite  form.  Unless  the  iodine  trichloride  is  nearly  satu- 
rated with  the  carbonate,  CsCl .  C1,I  or  CsCl .  CU*  is  obtained 
mixed  with  the  iodate.  An  iodine  and  oxygen  determination 
in  the  air-dried  salt  gave  40*55  and  40 '83  per  cent  of  iodine 
and  15-67  per  cent  of  oxygen.  When  this  iodate  is  heated  it 
does  not  give  off  iodine  but  melts  and  evolves  oxygen.  The 
residue  is  csesium  iodide. 

2C8lO^.  1^0^. — This  substance  can  be  prepared  in  pure  con- 
dition and  in  large  quantity  by  mixing  a  moderately  dilute 
aqueous  solution  oi  two  molecules  of  csBSium  chloride  with  one 
molecule  of  iodine  pentoxide  dissolved  in  a  little  water.  Any 
precipitate  that  may  have  been  produced  is  dissolved  by  the 
aid  of  heat  and  more  water  if  necessary.  On  cooling,  the  com- 
pound separates  as  a  sandy  powder.  This  can  be  washed  with 
water  or  recrystallized  from  hot  water  without  decomposition. 
It  can  also  be  recrystallized  from  dilute  solutions  of  iodic  acid. 
At  21®  100  parts  of  water  dissolve  2-5  parts  of  this  salt.  It  is 
insoluble  in  alcohol.  The  material  for  analysis  was  air-dried 
after  pressing  on  paper. 


Found. 

Calculated  for  2CbI0.  .  I,0», 

Caesium, 

27-93 

28-00 

Iodine, 

53-42 

63-47 

Oxygen, 

18-69 

18-53 

This  compound  invariably  separates  along  with  the  crystals 
of  CsCl .  Cl,I,  when  the  latter  is  prepared  in  the  absence  of 
hydrochloric  acid.  The  yield  is  not  very  large.  It  is  thus 
ootained  in  the  form  of  small  rounded  white  nodules  which  on 
close  inspection  are  seen  to  occur  in  pairs,  the  two  nodules 
being  on  opposite  sides  of  a  thin  layer  of  the  pentahalide. 
They  were  mechanically  separated  from  the  pentahalide,  no 
water  being  used  to  wash  the  compound  when  prepared  for 
analysis.  The  following  results  are  sufficient  for  its  identifica- 
tion. 


•This  Journal,  III,  xliii,  17,  and  xlir,  42. 
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CaBsium 29-11 

Iodine 5021 

Oxygen 18-99 

Chlorine 3-24 

This  compoand  was  also  obtained  by  the  following  methods. 
By  mixing  6  grams  of  CsIO,,  20  cc.  of  water  and  10  cc.  of 
HCl  sp.  gr.  I'l.  The  mixture  was  boiled,  it  became  yellow 
and  chlorine  was  evolved.  When  cooled  the  substance  sepa- 
rated as  a  crystalline  crust.  It  was  identified  by  a  determina- 
tion of  caesium  which  gave  28  40  per  cent. 

The  compounds  2CslO..  1,0, .  2HI0,  and  CsCl . HIO,  give- 
this  body  when  their  hot  saturated  solutions  are  cooled.     A 
CflBsium  determination  in  the  products  thus  obtained  gave  27*94: 
and  28*12  per  cent  respectively. 

When  this  body  is  treated  with  hydrochloric  acid,  sp.  gr. 
I'l,  the  solution  becomes  yellow,  evolves  chlorine  on  warming, 
and  when  concentrated  on  the  water  bath  yields  on  cooling 
well  crystallized  CsCl .  Oil.  Analysis  gave  60*63  per  cent  of 
caesium  chloride,  calculated  for  CsCl .  ClI  50*90  per  cent. 

When  heated  in  a  closed  tube  it  gives  no  sign  of  water, 
gives  off  iodine  then  melts  with  the  evolution  of  iodine  and 
oxygen.     The  residue  consists  of  caesium  iodide. 

2C8lO^ .  1^0, .  2^/(9,.— This  body  was  obtained  by  adding 
5  grams  of  2C8IO, .  1,0,  to  a  boiling  solution  of  25  grams  of 
iodine  pentoxide  in  sufficient  water  to  form  a  syrup.  Water 
was  then  added  and  the  precipitate  thus  produced  proved  to 
be  the  compound  in  question.  Thus  produced  it  separates  as 
a  finely  divided  amorphous  precipitate  which  can  be  dried  in 
the  air  or  at  100°  witliout  losing  water.  It  is  difficultly  solu- 
ble in  water  and  when  crystallized  from  an  aqueous  solution 
gives  2CsI0, .  1,0,.  An  analysis  of  the  substance  dried  at  100** 
gave 

Calculated  for 
Found.  20,IOiI,0» .  2HI0,. 

Caesiura,  19-71  20*43 

Iodine,  57*68  68-62 

Oxygen,  20-41  2089 

Hydrogen,  -12  -16 

Water  determinations  in  samples  dried  in  the  air  on  paper 
gave  1*4:5  and  1-38  per  cent ;  theory  requires  1*44. 

When  the  substance  is  heated  it  gives  oflE  water  and  iodine, 
then  oxygen,  the  residue  consisting  of  caesium  iodide. 

CsCl .  HIO^. — This  was  obtained  in  an  attempt  to  increase 
the  yield  of  2C8IO, .  1,0.  by  adding  a  rather  small  quantity  of 
caesium  carbonate  to  a  hot  saturated  solution  of  CsCl .  Cl.I, 
when  on  cooling  and  allowing  the  mixture  to  stand,  colorless, 
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flat,  transparent  prisms  separated  on  the  yellow  crystals  of 
CsCl .  C1,L  previously  formed.  These  colorless  prisms  were 
picked  out  irom  the  solution  dried  on  paper  and  separated  me- 
chanically, as  far  as  possible  from  any  adhering  CsCl .  C1,I. 
These  on  analysis  gave  the  following  results. 

Found.  Calculated  for  CsCl .  HIO,. 


Csesium 

38-09 

' 

38-60 

Iodine 

3608 

36-29 

36-86 

Chlorine 

11-69 

11-82 

10-31 

Oxygen 

13-85 

13-94 

Hydrogen 

.30 

-29 

The  crystals  remain  unaltered  on  exposure  to  dry  air  but  on 
treating  them  with  water  they  immediatelv  become  opaque. 
On  recrystallizing  from  water  they  give  2CslOj .  1,0 ».  When 
the  substance  is  heated  it  gives  off  water  and  iodine  chloride, 
melts,  and  gives  off  oxygen,  the  residue  consisting  of  chloride 
and  iodide  of  caesium.  When  it  is  warmed  with  nydrochloric 
acid  it  undergoes  the  same  decomposition  as  the  correspond- 
ing rubidium  compound. 

KCl.  KIO^.  HIO^. — This  compound  has  previously  been 
prepared  by  treating  KIO,  with  hydrochloric  acid,  or  a  solution 
of  iodine  trichloride  with  potassium  hydrate  or  carbonate.  It 
has  been  described  by  Senillas*  and  Kammelsbergf  as  anhy- 
drous and  the  formula  2KC1 .  2KI0, .  1,0^  was  assigned  to  the 
salt.  MillonJ  from  his  determination  of  potash  in  this  salt 
concluded  that  the  substance  contained  a  molecule  of  water, 
but  he  made  no  determination  of  it.  Finally,  Marignac§  who 
examined  it  more  carefully,  made  a  determination  of  the  water 
by  drying  the  substance  at  100°,  then  igniting  it  in  a  tube 
with  metallic  copper  and  collecting,  and  weighing  the  water 
by  means  of  a  sulphuric  acid  tube. 

The  compound  obtained  from  a  solution  of  KQl .  C1,I  sepa- 
rated in  shining  transparent  prisms,  stable  in  the  air.  It  con- 
tained water  corresponding  to  the  formula  2KC1 .  2KI0, .  1,0^ 
.  HjO  or  KCl .  KIO, .  HIO,.  An  analysis  of  the  air-dried  salt 
gave  the  following  results. 


Calculated  for 

Found. 

KCl .  KIOs .  KIO,. 

PotaBsinm 

16-94     16-83 

16-82 

Iodine 

54-46 

64-66 

Chlorine 

7-72 

7-64 

Oxygen 

20-66 

Hydrogen 

-20 

•22 

*  Ann.  Oh.  Phys.,  IT,  xliii,  113.  f  Ann.  Ch.  Phys  ,  III,  ix,  407. 

X  Pogi?.  Ann.,  xcvii.  §  Jahresb.,  1856,  298.     Ann.  Min.,  V,  ix,  1. 
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This  compound  and  the  one  obtained  by  Marignac  are  there- 
fore identical. 

On  ignition  it  gives  oflE  water,  iodine  chloride  and  oxygen, 
the  residue  consisting  of  potassium  iodide  and  chloride.  An 
analysis  of  this  residue  gave  2-39  per  cent,  chlorine  and  70*87 
per  cent,  iodine. 

The  author  takes  occasion  here  to  express  his  obligations  to 
Professor  H.  L.  Wells  for  the  use  of  tne  material  in  this  in- 
vestigation and  for  valuable  suggestions,  also  to  Professor  S. 
L.  Penfield  who  has  kindly  furnished  the  crystallographical 
descriptions. 

Notes  on  the  CryhtaZline  form  of  RhCl,  HIO^  and  CaCl . 
HIO,;  byS.  L.  Penfield. 

RbCl .  HIO.. 


1^ 

ml  a  L  m  n 


The  form  of  RbCl .  HIO,  is  monoclinic.  The 
crystals  are  highly  modified,  doubly  termi- 
nated prisms,  fig.  1.  The  faces  gave  fair  reflec- 
tions and  the  measurements  which  were  chosen 
as  fundamental  are  marked  by  an  asterisk  in 
the  table  of  angles. 

The  axial  ratio  and  forms  are  as  follows: 


a  :  6  :  <!  =  0-9830  :  1 :  0  7577,     /3=100  ^  OCl  =  87'  56' 

a,  100,  ul        I,  320,  t-i        d,  Oil,  1^'         g,  l02.  |-l        q,  142,  —24 
6,  010.  i.i      rru  110,  I  e.  101,  -M     o,  211,  -2-2     «,  211,  2-2 

c,  001,  0         «,  120,  t-2         /,  TOl,  l-l         |),  111,  -1        tt,Ill,  1. 

Measared.   Calcalated. 

100  A  on  =  88*  29  88*  21' 
Too  A  §11  «  38  32  39  47 
TOOaIII  =59  57  59  38 
101a  111  =  30  28  30  31 

101  aTII  =31  22i  31  24 
111  A  142  =  26  36  26  30 
001aT02  =  ?1  17  21  20 
001  A  lOl  =  38  26  38  23^ 


The  form  of  CsCl .  HIO,  is  monoclinic.     The  crystals,  from 
2  the  one  crop  which  was  examined,  were 

*  about  5  mm.  in  length  and   had  the 

^--  y^a   ^\   -_  jj-  '.(f  habit   shown   in   fig.   2.       They   were 

^  g^^-     ^w_:^  attached  at  one  end  and  usually  grew 

in  radiating  and  divergent  groups.  The 

faces  were  not  very  perfect  and  only  approximate  measure- 


Measured. 

Calcalated. 

a  ac. 

100a001=*87''  56' 

aA(2, 

a  A  e, 

100a101=«51       5 

a  A  5, 

CArf, 

001a011=»37      8 

ttA  w, 

a  A  i, 

100  A  320=  33    13 

33°  13' 

e  aP, 

fl  aTW, 

100  A  110=  44      7 

44    29^ 

/aW, 

OAn, 

100  A  120=   62    42 

63      H 

p^q, 

rt  aO, 

100a211  =  38    19 

38    28i 

c  ^g. 

rtA^, 

100  A  111  =  57    13 

57    14 

c^f, 

CsCl. 

HIO.. 
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ments  could  be  made.     Those  which  were  chosen  as  funda- 
mental are : 

m^m,  110^110=90'*  12'     m^p,  110a221  =  24°  ZV    a^p,  100a221=49"  53' 

The  axial  ratio  and  forms  are  as  follows : 

a:b:6  =0-9965:  1:0-7698        (3=  100^001=89'  53^' 
o,  100,  i-i  m,  110»  I  d,  403,  —  H  »,  403,  j-i  i?,  221,  —2 

c,  001.  0  n,  130,  i-3  c,  203,  -|-l  w,  203,  |-i  o,  263,  — 2-'3 

The  pyramids  j9  and  o  were  frequently  wanting.  The  ortho- 
domes  dy  «,  s  and  u  were  very  constant  in  their  development 
and  gave  to  the  crystals  an  orthorhombic  habit.  Owing  to  the 
curved  and  striated  character  of  the  faces  the  symmetry  could 
not  be  satisfactorily  determined  by  measurement,  but  the 
optical  properties  showed  that  the  crystals  were  truly  mono- 
clinic.  In  polarized  light  the  tables  show  an  extinction  par- 
allel to  the  ortho-  axis  and  in  convergent  light  one  of  the 
optical  axes  and  the  acute  bisectrix  can  be  seen  near  the 
limits  of  the  field.  The  plane  of  the  optical  axes  is  the  clino- 
pinacoid. 

These  two  salts,  although  entirely  diflEerent  in  crystalline 
habit,  are  very  similar  in  their  axial  ratios. 

Sheffield  Scientific  School, 
April,  1892. 


Art.  XIX. — Development  of  the  Brachiopoda.  Part  II. 
Clasfiification  of  the  Stages  of  Growth  and  Decline;  by 
Charles  E.  Beecher.    (With  Plate  I.) 

A  BRIEF  review  of  the  known  embryology  of  the  Brachi- 
opoda is  desirable,  in  order  to  account  for  some  of  the  differ- 
ences presented  by  adult  forms  in  the  several  divisions  of  the 
class.  This  knowledge  is  far  from  complete,  and  is  confined 
to  a  few  species,  but  much  of  interest  bearing  on  the  later 
development  of  the  organism  may  be  obtained. 

The  important  memoirs  of  Morse,*^^' "  Kovalevski," 
Lacaze-Duthiers,'"  and  Shipley,"  contain  nearly  all  that  is 
known  regarding  the  early  embryology  of  brachiopods.  The 
genera  included  in  the  works  of  these  authors  comprise 
Cistella,  Terebratulina,  Liothyrina,  and  Lacazella.  Later 
larval  stages  of  the  genus  Glottidia  have  been  fully  described 
by  Brooks.*    Miiller,"  also,  has  given  a  description  and  figures 

*Th6  works  referred  to  bj  numbers  are  cited  in  full  in  the  list  appended  to 
this  article. 
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of  a  larval  form  doubtfully  referred  to  Discinisca.  The  results 
of  these  observers  must  at  present  be  taken  without  reserva- 
tion, and  are  thus  made  use  of  in  the  present  paper. 

Something  is  known,  therefore,  of  the  earlj  stages  in  each 
of  the  four  groups  or  orders  proposed  by  the  writer.*  The 
Atremata,  Neotremata,  and  Protremata  are  represented  by  a 
single  genus  only  in  each ;  Glottidia,  Discinisca,  and  Lacazella, 
respectively ;  and  the  Telotremata,  by  Cistella,  Terebratulina, 
and  Liothyrina.  Were  Glottidia  and  Discinisca  as  well  known 
as  Cistella,  Terebratulina,  and  Lacazella,  some  comparisons 
could  undoubtedly  be  made  which  would  enlighten  many  ob- 
scure points  of  anatomy  and  morphology,  as  well  as  give 
clearer  insight  into  the  history  and  origin  of  each  group. 

Cistella  and  Terebratulina  are  taken  as  standards  of  the 
embryological  development  on  account  of  the  completeness 
with  which  they  have  been  studied,  and  because  their  points 
of  difference  are  not  great.  Lacazella  shows  such  peculiar 
features,  that  its  history  must  be  discussed  separately.  The 
nepionic  Glottidia  and  Discinisca,  too,  present  characters 
which  evidently  had  an  early  history  somewhat  diflferent  from 
Cistella  or  Terebratulina. 

In  taking  up  the  review  of  the  observed  stages  of  growth, 
an  attempt  will  be  made  to  fix  their  limitations.  To  this  end 
the  admirable  nomenclature  proposed  by  Hyatt'*  "  is  here 
adopted,  as  it  is  more  convenient  and  of  wider  application  and 
significance  than  the  terms  heretofore  used.  Tnus  far  this 
system  has  been  employed  principally  in  studies  relating  to  the 
mollusca,  and  its  application  to  the  Brachiopoda  will  neces- 
sarily require  some  illustration  and  explanation.  In  the 
preface  to  "  Genesis  of  the  Arietidse,"  Hyatt  has  presented  a 
summary  of  the  theoretical  opinions  resulting  mainly  from  his 
studies  in  the  Cephalopoda.  It  is  believed  that  nearly  the 
same  ground  may  be  covered  in  the  Brachiopoda,  and  thus  the 
truth  of  these  deductions  will  receive  further  evidence  from 
another  class  of  organisms. 

Embryonic  stages. 

The  true  embryonic  stages  are  classified  by  Hyatt  as  Prot- 
embryo^  Mesemhryo^  Meteinbryo^  NeoenxhryOy  and  Type^nbryo, 
To  these  Jackson"  has  added  the  PhylembryOy  taking  it  from 
the  later  stages  of  the  Typembryo  to  represent  the  period 
when  the  animal  can  be  referred  definitely  to  the  class  to 
which  it  belongs. 

The  succeeding  stages  in  the  growth  of  the  animal  to 
maturity  are  termed  by  Hyatt  nepionic  (young),  neaUogic 
(adolescent),  and  epheboUc  (mature),  while  old  age  characters 
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are  called  geratologic.     The  subject  of  geratology  is  further 
divided  into  the  clinologic  and  nostologic  stages. 

The  application  of  this  nomenclature  of  the  stages  of  growth 
and  decline  to  the  Brachiopoda  is  shown  on  the  following 
pages. 


Cistella  neapolitana  Scacchi. 

FiGCRE  1. — Protembryo.  Unseg^ented  ovum. 

Figure  2. — Protembryo.  Ovum  composed  of  two  spheres. 

Figure  3. — Mesembryo.  Blastosphere. 

Figure  4. — Metembryo.  Gastrula.    (1-4,  after  Shipley.) 

The  Protembryo^  as  in  other  groups  of  organisms,  includes 
the  ovum  and  its  segmented  stages  preceding  the  formation  of 
a  blastnla  cavity,  rigures  1,  2,  show  protembryonic  stages 
of  Cistella.  The  eggs  are  spherical,  pyriform  or  ovoid,  and 
the  segmentation  proceeds  in  a  regular  manner,  resulting  in  a 
blastosphere  composed  of  equal  parts. 

The  Meseiribryo^  or  blastosphere,  figure  3,  has  been  observed 
in  Cistella,  Terebratulina,  and  Lacazella.  The  blastula  cavity 
is  small 

The  Metemhryo^  or  gastrula  stage,  figure  4,  is  developed 
from  the  blastosphere  in  two  ways ;  (a)  by  embolic  invagina- 
tion in  Cistella  and  Terebratulina  (Kovalevski  and  Shipley), 
and  (b)  by  delamination  in  Lacazella  (Kovalevski).  At  the 
close  of  this  stage,  the  archenteron  in  Cistella  is  trilobed,  con- 
sisting of  a  central  cavity,  or  mesenteron,  connecting  on  each 
side  with  the  body  cavity. 

The  Neoembryo^  represented  by  the  trochosphere  and  seg- 
mented ciliated  cephalula  stages,  has  been  more  fully  observed 
than  any  of  the  preceding.  The  first  advance  from  the 
completed  gastrula  is  in  the  separation  of  the  mesenteron  from 
the  body  cavity,  and  the  division  of  the  organism  into  two 
segments  or  lobes,  the  cephalic  and  caudal,  figure  5.  Later  a 
third  or  thoracic  segment  is  developed  and  carries  four  bundles 
of  stiff  barbed  setae,  figure  6.  The  cephalic  and  caudal  lobes 
are  densely  ciliated.  During  the  subsequent  cephalula  period, 
two  eyes,  then  two  others  appear  in  Cistella,  and  at  the  same 
time  the  dorsal  and  ventral  sides  of  the  thoracic  segment 
become  extended  over  the  caudal,  and  are  progressively  defined 
as  two  lobes,  figures  5-9,  24,  25. 
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Terebratulina  has  a  tuft  of  bristles  on  the  top  of  the 
cephalic  segment.  In  Lacazella,  the  bundles  of  setse  are 
absent,  and  the  head  is  more  distinctly  differentiated  from  the 
anterior  segment  than  in  Cistella.  The  closing  cephalula  stage 
in  Cistella  has  an  umbrella-like  expansion  of  the  cephalic  bor- 
der, and  the  organism  becomes  a  free  swimming  larva,  figures 
7-9. 


Cistella  neapolitana  Scacchi. 

Figure  5. — Neoembryo.     Kmbryo  of  two  segments. 

FiGUBE  6. — Neoembryo.     Cephalula,  ventral  side;   showing  cephalic,  thoracic, 

and    caudal    segments,    eye    spots,    and    bundles  of    setas.       (5,  6,   after 

Kovalevski.) 
Figure  7. — Neoembryo.     Lateral  view  of  completed  cephalula  stage;   showing? 

extent  of  dorsal  {d)  and  ventral  {v)  mantle  lobes,  and  umbrella-like  cephalic 

segment. 
Figure  8. — Neoembryo.    Same  stage ;  ventral  view.    (7,  8,  after  Shipley.) 

Larval  stages. 

The  Typemhryo  is  the  larval  stage  at  which  some  distinctive 
features  make  their  appearance,  but  before  the  special  characters 
of  the  class  are  to  be  found,  figure  10.  It  is  analogous  to  the 
molluscan  embryo  in  which  a  shell  gland  and  plate-like  initial 
shell  are  developed.  There  is,  however,  no  homology  of  parts 
or  organs  between  the  typembryonic  mollusk  and  brachiopod. 

In  Cistella  and  Terebratulina  the  development  of  the  typ- 
embryo  has  been  observed,  and  consists  of  the  folding 
upwards  of  the  lobes  which  have  been  developed  from  the 
thoracic  segment  to  form  the  mantle,  so  that  tney  gradually 
enclose  the  anterior  end,  figures  24-27.  The  surfaces  of  the 
mantle  which  were  exterior  in  the  cephalula  have  now  become 
inner  and  the  bundles  of  setae  have  revolved  lbO°,  changing 
their  direction  from  posterior  to  anterior.  This  leaves  the 
lower  part  of  the  thoracic  and  the  whole  of  the  caudal  seg- 
ment exposed.  The  outer  surface  of  the  mantle  is  invested 
with  a  hard  integument,  which,  upon  completion,  and  before 
the   growth   of  the  true  shell   forms   the  protegulum.     The 
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pedicle  at  tliis  stage  is  also  defined,  being  a  modification  of  the 
caudal  segment.  It  may  serve  to  attach  the  larva  to  foreign 
objects,  as  in  Cistella,  figure  10,  and  Terebratulina,  or  it  may 
remain  undeveloped  for  a  time  as  in  Glottidia  and  Discinisca. 
A  rudimentary  digestive  tract  is  present. 

9  10 


Cistella  neapolitana  Scacchi. 

FiGUBE  9. — Neoembryo.     Completed  cephalula  stage. 

Figure  10. — Typembryo.  Transformed  larva  resulting  from  folding  upwards  of 
mantle  lobes  over  cephalic  segment :  ad,  muscles  from  bundles  of  setae  to 
sides  of  body  cavity ;  di,  muscles  from  dorsal  to  ventral  sides  of  body ;  vp, 
muscles  from  ventral  side  of  body  to  caudal  segment  or  pedicle.  (9,  10,  after 
Kovalevski.) 

The  body  muscles  which  have  been  developed  thus  far 
consist  of  four  distinct  pairs.  Two  pairs  lie  close  to  the  sides 
of  the  body  cavity,  and  extend  to  the  points  of  insertion  of  the 
bundles  of  bristles,  figure  10,  ad.  They  become  after  transfor- 
mation the  four  adductor  muscles  of  the  valves.  The  third 
pair  extends  from  the  ventral  side  of  the  body  to  the  caudal 
segment,  and  is  converted  into  the  ventral  pedicle  muscles, 
figures  10,  15,  16,  vp.  The  fourth  pair  is  situated  posterior  to 
the  digestive  tract,  and  extends  from  the  dorsal  to  the  ventral 
wall  of  the  body,  figure  10,  di.  They  form  the  divaricator 
muscles  in  the  mature  brachiopod,  figure  16,  d%  and  are 
divided  into  or  duplicated  by  a  pair  of  dorsal  and  a  pair  of 
ventral  divaricators.  There  is  also  a  pair  of  dorsal  pedicle 
muscles  in  the  larva  of  Liothyrina  and  Terebratulina. 

The  folding  upwards  of  the  mantle  lobes  forms  the  first 
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hinge  line  of  the  future  valves,  hl^  figures  26,  27.  Thus  its 
origin  is  not,  as  in  pelecypods,  a  line  produced  by  the  bending 
of  a  single  plate  (Jackson),  but  is  the  line  along  which  the  two 
mantle  lobes  are  bent  against  the  body.  Between  them  pro- 
jects posteriorly  nearly  half  the  body  of  the  animal,  and  the 
whole  opening  corresponds  to  the  pedicle  opening  of  later 
stages  of  growth.  The  hinge  of  brachiopods,  therefore,  is  not 
primarily  a  line  of  articulation  of  the  valves,  but  the  limiting 
Dorders  between  the  body  and  the  attached  edges  of  the 
mantle.  Secondarily,  and  during  later  growth,  the  extension 
of  the  valves  along  a  line  of  apposition  forms  a  true  hinge 
line. 

The  first  points  of  contact  of  the  valves  to  form  the  true 
hinge  lie  adjacent  to  the  right  and  left  sides  of  the  body  of 
the  animal,  at  the  cardinal  extremities,  figure  15,  t.  Here 
naturally  the  first  hinge  teeth  are  formed,  and  their  position 
corresponds  to  that  in  adult  individuals ;  namely,  on  each  side 
of  the  cardinal  opening.  The  enlarging  of  the  cardinal 
opening  by  shell  growth  results  in  the  gradual  divergence  or 
separation  of  the  teeth  as  in  Terebratuhna.  In  species  with 
extended  hinge  lines,  as  in  many  forms  of  Spiriter,  Orthis, 
and  Strophomena,  the  teeth  still  lie  in  their  original  position 
on  each  side  of  the  cardinal  opening,  and  the  elongation  of  the 
hinge  has  come  not  only  from  the  enlargement  of  the  opening 
by  growth,  but  by  additions  at  the  hinge  extremities,  so  that 
the  teeth  are  situated  on  each  side  of  the  central  area,  below 
the  beak,  and  not  at  the  cardinal  angles.  The  young  of  these 
genera,  however,  all  have  the  hinge  teeth  at  the  extremities  of 
the  hinge,  as  ,the  cardinal  openmg  then  occupies  the  whole 
posterior  area  of  the  shell. 

Adult  specimens  of  Kutorgina  {K.  cingulata  Billings)  have 
a  deltidium  as  in  Strophomena.  The  cardinal  opening  in- 
cluding the  deltidium  occupies  the  whole  posterior  end  of  the 
shell,  and  according  to  a  statement  made  to  the  writer  by  Mr. 
Charles  Schuchert,  there  are  rudimentary  teeth  at  the  cardinal 
extremities.  Therefore,  this  genus  represents  a  nepionic  con- 
dition of  later  forms,  and,  on  account  of  these  and  other 
characters,  it  is  believed  to  be  related  to  Orthisina  and  Stro- 

Khomena,  of  which  it  is  the  ancestral  type.     It  consequently 
elongs  to  the  articulate  brachiopods. 

The  embryonic  stages  up  to  this  point  have  frequently  been 
compai"ed  to  similar  stages  in  other  organisms,  especially  in 
the  Annelida  and  Polyzoa.  Without  repeating  these  com- 
parisons, which  may  be  consulted  elsewhere,  *.  12,  is.  16-19,21  atten- 
tion is  called  to  the  similarity  of  development  of  the  brachiopod 
typembryo  to  the  larval  stages  of  Spirorbis.     There  are,  how- 
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ever,  important  structural  differences.  An  article  by  J.  W. 
Fewkes,  "  On  the  Larval  Forms  of  Spirorbis  borealis  Daudin,"' 
contains  a  nearly  complete  and  very  interesting  account  of  the 
development  of  this  chaetopod.  There  is  a  striking  resem- 
blance in  the  characters  of  the  cephalula  stages  in  botli  organ- 
isms, as  may  be  seen  on  comparison,  figures  11,  12.  Spirorbis 
develops  a  posteriorly  directed  extension  from  the  middle 
segment,  called  a  collar,  which  in  later  stages  is  reflexed  an- 
teriorly so  as  to  cover  more  or  less  the  cephalic  portion,  thus 
agreeing  with  the  growth  and  change  in  position  of  the  mantle 
in  Cistella.  The  ventral  lobe  is  also  the  larger  in  both.  Many 
other  comparisons  and  homologies  have  been  made  by  Morse,'" 
and  the  one  here  described  is  even  more  marked  than  his 
reference  to  the  lobation  of  the  cephalic  collar  in  Sabella.  Four 
figures  are  introduced  illustrating  the  principal  changes  in 
Spirorbis.  They  may  be  compared  with  the  development  of 
Cistella  shown  in  figures  6-10. 

13  14   • 


Spirorbis  borealis  Daudin. 

Figure  11. — Cephalula,  developing  lobe  from  the  body  {col.). 

FiGUBE  1 2. — More  advanced  stage. 

Figure  13. — Larval  form  before  transformation;    showing  posteriorly   directed 

expansion  (col)  from  thoracic  segment. 
Figure  14. — Transformed  Spirorbis;  showing  folding  upwards  of  collar  partially 

enclosing  head.    (11-14,  after  Fewkes.) 

It  is  not  intended  by  this  to  indicate  a  close  relationship  with 
the  chaetopods,  for  the  writer  is  inclined  to  accept  the  opinion 
of  Joubin,*"  that  the  brachiopods  constitute  a  distinct  and 
independent  class. 

The  Phylembryo^  figure  15,  differs  from  the  Typembryo  in 
(a)  the  completion  of  the  embryonic  shell,  or  protegulum ;  (J) 
the  first  appearance  of  the  tentacular  lobes  of  the  lophophore, 
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or  arms ;  {c)  the  usual  dehiscence  of  the  four  bundles  of  sete ; 
(d)  the  obsolescence  of  the  eyes;  {e)  the  definition  of  the 
oesophagus  and  stomach ;  and  {f)  the  agreement  of  the  mus- 
cular system  with  that  in  adult  forms.  These  features,  with 
the  pedicle  which  appeared  in  a  preceding  stage,  represent  the 
bracniopod  phylum,  and  are  properly  referred  to  the  phylem- 
bryonic  penod  of  Jackson.  Although  the  molluscan  stage 
called  the  prodissoconch  in  pelecypods,  the  protoconch  m 
cephalopods  and  gastropods,  and  the  periconch  in  scaphopods, 
represents  the  completed  phylembryo  of  these  groups,  as  the 
protegulum  represents  a  like  period  in  the  developing  brachio- 
pod,  yet  there  is  no  homology  of  distinctive  organs. 


15  ]6 


^-«.> 


CisteUa  neapolita^ia  Scacchi. 

Figure  15. — Phylembryo.  Brachiopod;  elxowing  shell  (protegulum),  beginning 
of  tentacles  of  lophophore  (?),  obsolescence  of  eye  spots,  and  fonnation  of 
oesophagus.     /,  hinge  teeth  ;  vp.  ventral  pedicle  muscles 

FiorRE  16. — Nepionic  brachiopod;  showing  distinct  tentacles  of  lophophore, 
mouth  and  stomach,  and  transformation  of  muscles' from  typembryo,  figure 
10;  0(2,  adductors;  (/t,  divaricators;  vy?,  ventral  pedicle  muscles.  (15,16, 
.  after  Kovalevski.) 

The  mantle  of  mollusks  is  first  formed  on  the  posterior 
dorsal  side,  and  is  in  the  shape  of  a  disc,  which  gradually 
envelops  the  animal  to  a  greater  or  less  extent,  and  may 
become  distinctly  lobed.  As  has  been  shown,  this  organ  in 
the  brachiopods  develops  simultaneously  from  the  dorsal  and 
ventral  side  of  the  thoracic  segment  of  the  cephalula,  and  is 
primarily  bilobed. 

The  initial  shell  of  brachiopods  is  not  produced  from  a  dis- 
tinct shell  gland,  as  in  the  mollusca,  but  is  an  integument  of 
the  surface  of  the  mantle  lobes,  and  intimately  connected  with 
them.  The  position  of  the  valves  is  dorsal  and  ventral. 
The  pedicle  has  no  organic  similarity  with  either  a  foot  or 
a  byssus. 

The  mouth  of  mollusks  (and  annelids)  is  formed  below  the 
base  of  the  cephalic  lobe  of  the  cephalula,  and  may  be  the 
blastopore,  while  in  the  brachiopods  it  is  near  the  anterior  pole 
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within  the  cephalic  segment  Notwithstanding  these  dif- 
ferences, so  many  parts  are  functional  equivalents,  that  their 
growth  and  development  may  be  discussed  and  interpreted  in 
the  same  terms. 

Before  passing  to  later  stages  of  growth  which  become 
more  and  more  divergent  from  a  common  simple  type,  some 

Eoints  previously  omitted,  relating  to  Thecidium  (Lacazella), 
ingula  (Glottidia),  and  Discinisca,  should  be  here  noted.  As 
Lacazella  is  a  form  in  which  the  ventral  valve  in  the  nealogic 
and  ephebolic  stages  is  cemented  to  foreign  objects  by  cal- 
careous fixation,  it  bears  about  the  same  relation  to  other 
brachiopods  that  Ostrea  bears  to  Avicula,  among  the  pelecy- 
pods,  and  a  corresponding  early  absence,  or  modification,  of 
many  features  present  in  adult  individuals  should  be  looked 
for.  From  what  is  known  of  the  geological  history  of  Theci- 
dium, and  if  the  interpretations  of  its  phylogeny  by  the  writer 
are  correct,  it  is  derived  from  an  ancestry  which  had  a  similar 
condition  of  fixation  as  early  as  the  Upper  Silurian.  Theci- 
dium is  apparently  not  a  terebratuloid  genus.  Its  structural 
affinities  are  evidently  with  the  strophomenoids,  especially 
such  forms  as  Plectambonites,  Leptsenisca,  etc.  Briefly  the 
reasons  for  this  statement  are  {a)  tne  presence  of  a  deltidium 
of  one  plate;  (6)  the  absence  of  a  true  loop  supporting  the 
arms  (the  internal  calcification  or  spiculization  is  confined 
wholly  to  the  mantle,  and  does  not  extend  to  the  arms") ;  {c)  a 
concave  place  in  the  cavity  of  the  ventral  beak,  bearing  the 
divaricator  muscles  ;  {d)  the  attached  ventral  valve,  and  {e)  the 
cardinal  processes  in  the  dorsal  valve.*  The  first  character  is 
of  prime  importance,  because  all  the  strophomenoids  and  none 
of  the  terebratuloids  have  a  deltidium  of  one  plate. 

It  would  appear,  therefore,  that  the  early,  free  swimming, 
larval  state,  and  the  later  pediculate  stage  have  become  lost  by 
acceleration,  thus  accounting  for  the  very  unequal  develop- 
ment of  the  mantle  lobes  in  the  cephalula  stage,  and  the 
non-active  and  early  sedentary  larvae  as  described  by  Kovalevski 
and  Lacaze-Duthiers. 

The  young  Lingula  (Glottidia)  described  by  Brooks,*  and  the 
Discinisca  by  Miiller,"  both  representing  the  phylembryonic 
stage,  were  active  and  free  swimming  animals,  with  rudi- 
mentary pedicles.  Terebratulina  becomes  attached  or  rests  on 
the  caudal  segment  during  the  cephalula  stage  (Morse),  while 
at  the  end  of  this  period  in  Cistella  (Kovalevski  and  Shipley), 
there  is  an  active,  swimming,  ciliated  organism,  which  later 
attaches  itself  by  the  pedicle  in  the  typembryonic  period. 

*  Dall  in  1870  (Am.  Jour.  CoDchology)  made  a  clear  statement  of  tlie  characters 
of  Thecidium  and  of  many  of  its  radical  points  of  difference  with  tlie  Terebra- 
tulidffi,  showing  that  it  was  entitled  to  rank  as  the  type  of  a  distinct  family. 
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From  the  facts,  that  young  individuals  of  paleozoic  species 
belonging  to  such  genera  as  Zygospira,  Spirifer,  Orthis,  Khyn- 
chonella,  and  Scenidium,  have  been  observed  by  the  writer  to 
retain  their  original  relations  to  the  objects  of  support,  and 
that  easts  of  the  pedicles  of  fossil  Lingulse  and  Eichwaldia 
have  been  described  (Davidson,*  Walcott"),  it  cannot  be  as- 
sumed that  the  free  swimming  condition  was  ever  present  in 
nealogic  or  ephebolic  individuals.  Evidently  it  has  always 
been  a  larval  character. 

Origin  of  the  deltidium  and  deUidial  plates. 

The  origin  and  significance  of  the  deltidium*  (='*p8eudo- 
deltidium  ")  are  made  apparent  in  the  development  of  Theci- 
dium,  and  it  may  be  well  in  this  place  to  make  a  few  obser- 
vations on  the  genesis  of  this  important  character,  and  its 
relations  to  the  deltidial  plates  of  other  genera,  as  Rhyncho- 
nella  and  Terebratula.  It  has  been  already  noted  (Part  I), 
that  the  deltidium  in  all  species  possessing  it  (the  Protremata) 
is  an  embryological,  or  nepionic  feature,  which  may  or  may 
not  continue  to  the  ephebolic  period ;  while  the  deltidial  plates 
in  other  brachiopods  (the  Telotremata)  appear  later  during  the 
nealogic  and  ephebolic  periods,  or  may  never  be  developed. 
The  detailed  researches  of  Kovalevski  on  Oistella  and  Thecid- 
iutn,  together  with  other  observations  now  first  made,  furnish 
data  for  a  clear  understanding  of  these  differences.t 

Figure  18  represents  a  dorso-ventral  section  of  a  ripe  cephal- 
ula  iust  before  the  transformation,  and  shows  the  unequal  lobes 
of  the  mantle,  v  being  the  ventral  lobe,  and  d  the  dorsal ;  h  is 
the  head,  and  p  the  caudal  segment  developing  into  a  pedicle. 
A  deposit  of  integument  representing  the  shell  has  formed  on 
the  inner  side  of  the  dorsal  mantle  lobe  (rf*),  and  also  on  the 
adjacent  dorsal  side  of  the  body  lobe  {deV),  A  larva  somewhat 
more  advanced  is  represented  in  figure  17,  as  viewed  from  the 
dorsal  side.  The  mantle  lobe  is  still  directed  posteriorly,  as  in 
the  preceding  figure,  and  the  underlying  shell  plate  is  shown 

♦  The  single  plate  or  covering  to  the  triangular  opening  beneath  the  ventral 
beak  should  be  termed  the  deltidium,  as  it  was  thus  extensively  used  by  Davidson. 
When  it  consists  of  two  plates  they  may  be  called  deUidial  plates.  These  names 
have  been  loosely  used.  In  Part  I  of  this  paper  the  deltidium  proper  is  referred 
to  as  pedicle  covering,  pedicle  sheath,  and  pseudo-deltidium.  Hall  and  Clarke 
have  proposed  to  call  the  triangular  opening  in  the  beaks  of  brachiopods,  the 
dellhyrium,  and  the  concave  plate  in  the  ventral  beak  of  Pentamerus,  Orthisina, 
etc ,  they  have  termed  the  spondylium.  There  yet  remains  a  term  for  the  convex 
plate  covering  the  opening  below  the  beak  of  the  dorsal  valve,  and  resembling 
the  deltidium  of  the  opposite  valve.  For  this  feature  the  name  chilidium  {xetloq) 
is  here  proposed. 

f  Kovalevski."  For  Thecidium  consult  the  explanation  of  PI.  IV,  figs.  16-26. 
For  Cistella,  PI.  I,  figs.  13-15 ;  PI.  II,  figs.  17,  19-21. 
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Thecidium  (Lacazella)  mediterratieum  Risso. 


(After 


FiGUBB  17. — Cephalula;    dorsal  side,      ds,  dorsal  shell  plate;   A,  head. 

Kovalevski.) 
Figure  18. — Dorso- ventral  loDgitudinal  section  of  oephalula  of  about  same  age 

as  preceding.    A,  head ;    d.  dorsal  mantle  lobe ;   v,  ventral  mantle  lobe ;  ds, 

beginning  of  dorsal  valve ;  del,  shell  plate  forming  on  dorsal  side  of  body ;  />, 

pedicle.     (After  Kovalevski.) 
Figure  19. — ^Typembryo.    Larva  transformed  from  folding  upwards  of  mantle 

lobes,    h,  head ;   cb,  dorsal  valve ;   M,  hinge  line  of  dorsal  valve ;  del,  shell 

plate  on  body  and  pedicle  posterior  to  hinge  line  of  dorsal  valve.    (After 

Kovalevski ) 
Figure  20. — Dorso-ventral  longitudinal  section  of  preceding.    References  as  in 

figure  19.     vs,  ventral  valve. 
Figure  21. — Profile  view  of  nealogic  Lejytoena  rhomhoidalis.    The  features  of  the 

shell  are  placed  and  lettered  as  in  figure  20.     da,  dorsal  valve;    A/,  hinge 

line ;  del,  deltidium :  p,  pedicle  opening ;  va,  ventral  valve. 
Figure  22. — Adult  Thecidium  {Lacazella)  mediterraneum ;  dorsal  side;  showing 

ventral  area  and  deltidium. 
Figure  23. — Profile  of  same.     References  as  in  figures  20  and  21. 

at  ds.  In.  the  process  of  transformation  (figs.  19,  20),  the  man- 
tle lobe  is  turned  forwards  in  the  usual  manner,  bringing  the 
shell  on  the  outside  of  the  animal,  so  that  both  dorsal  plates 
are  now  exposed,  ds  being  the  dorsal  valve,  and  del  the  shell 
developed  on  the  dorsal  side  of  the  walls  of  the  body  and 
caudal  segments.  As  this  plate  (del)  is  below  or  posterior  to 
the  hinge  line  (Af),  and  extends  down  over  the  pedicle,  it  is 
evidently  the  beginning  of  the  deltidium.  At  the  same  time, 
there  is  an  extension  of  the  edges  of  the  mantle  and  pedicle 
on  the  ventral,  or  lower  side,  and  shelly  matter  is  deposited, 
forming  the  ventral  valve  (vs),  figure  20.  At  this  stage  the 
hinge  line,  figures  19,  20,  hl^  is  the  line  between  the  dorsal 
mantle  shell  (ds)  and  the  dorsal  body  shell  plate  {del).  The 
beak  of  the  ventral  valve  is  separated  from  the  dorsal  beak  by 
the  pedicle  and  the  shell  covering  to  the  pedicle  and  body 
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lobe,  or  the  deltidium.  The  valves  afterwards  meet  at  their 
peripheries,  the  hinge  is  extended  beyond  the  deltidium,  form- 
ing the  trne  hinge  of  articnlate  brachiopods.  As  there  is  no 
motion  between  the  ventral  valve  and  deltidium,  the  two 
become  ankylosed.  Figures  22,  23,  showing  an  adult  Theci- 
dium,  are  lettered  in  the  same  manner  as  the  preceding,  and 
express  the  same  relation  of  parts. 


24. 


26. 


28. 


a  Stella  neapolftana  Scacchi. 

FrauRE  24. — Lateral  view  of  completed  cephalula  stage,  rf,  dorsal  lobe  of  man- 
tle; v,  ventral  lobe.    (After  Shipley.) 

Figure  25 — Dorso-ventral  longitudinal  section  of  same:  showing  posteriorly  ex- 
tended mantle  lobes,  ds  and  V5,  inner  surfaces  of  mantle  lobes  which  are  to 
form  dorsal  and  ventral  valves.     (After  Shipley.) 

Figure  26.  -Typembrjo.  Dorsal  view  of  larva  after  transformation.  A,  head ; 
ds,  dorsal  valve;  hi,  hinge  line  of  dorsal  valve:  p,  pedicle.  (After  Kova- 
levski.) 

Figitrb  27. — Dorso-ventral  longitudinal  section  based  on  preceding ;  showing  man- 
tle lobes  directed  forwards,  bringing  interior  shell-secreting  surfaces,  ds  and 
t;^  of  figure  25,  on  the  exterior,  h,  head ;  ds,  dorsal  valve ;  hl^  dorsal  hinge : 
vs,  ventral  valve;  hl%  ventral  hinge;  p,  pedicle. 

Figure  28.— Dorsal  view  of  early  nepionic  shell,  showing  large  posterior  open- 
ing between  valves.    (After  Kovalevski.) 

Figure  29. — Profile  of  same,    ds,  dorsal  valve;  vs,  ventral  valve;  p,  pedicle. 

The  deltidium  is  not,  therefore,  primarily,  on  account  of  its 
manner  of  origin,  an  integrant  part  of  the  ventral  valve,  but 
is  a  shell  growth  from  the  dorsal  side  of  the  body,  which  after- 
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wards  becomes  attached  to  the  ventral  valve,  and  is  then  con- 
sidered as  belonging  to  it. 

The  further  growth  of  the  deltidium  around  the  body  and 
pedicle,  and  its  consequent  extension  into  the  cavity  of  the 
ventral  umbo,  may  explain  the  origin  of  the  spondylium. 

Kovalevski"  believed  the  ventral  valve  in  Thecidium  was 
secreted  by  the  expanded  edges  of  the  pedicle  and  the  body 
walls,  whether  or  not  this  is  so  does  not  affect  the  interpreta- 
tion of  the  origin  of  the  deltidium.  From  the  observations  of 
Lacaze-Duthiers,**  it  seems,  however,  as  though  the  ventral 
mantle  lobe  must  have  formed  the  shell  in  the  usual  way. 
This  appears  all  the  more  probable  from  the  fact,  that  the 
lower  or  ventral  valve  is  punctate,  and,  so  far  as  known,  the 
mantle  contains  all  the  csecal  prolongations,  which  alone  could 
produce  the  punctate  structure.  Careful  microscopic  examina- 
tion has  failed  to  detect  punctse  in  the  deltidia  of  Thecidium, 
Strophomena,  Leptsena,  and  other  punctate  genera  belonging 
to  the  Protremata. 

It  is  true  that  Aulosteges  has  spines  on' the  deltidium,  but 
spines  even  when  tubular  are  not  equivalent  to  punctae,  as 
snown  in  Productus,  Strophalosia,  and  some  species  of  Spirifer. 
AulostegjBS  is  a  geratalogous  genus,  which  has  become  exces- 
sively spinose,  and  has  also  reverted  to  ancestral  characters  in 
its  high  hinge  area  and  conspicuous  deltidium.  It  is  well 
known  that  even  the  spires  of  Spiriferina  and  the  loop  of 
Macandrevia  are  spinose. 

Turning  now  to  Cistella  as  a  representative  of  the  Telotre- 
mata,  a  different  process  obtains. 

Figure  24  represents  the  fully  developed,  free  swimming 
cephalula  of  Cistella,  and  shows  the  extent  of  the  folds  of  the 
mantle  and  their  posterior  direction.  Figure  25  represents 
the  £ame  in  section.  The  inner  sides  of  the  mantle  lobes  are 
to  form  the  future  valves,  the  dorsal  rf«,  and  the  ventral  vs. 
The  transformed  larva  or  typembryo  is  represented  in  figure 
26  and  in  section  in  figure  27.  It  is  seen  that  the  transforma- 
tion consists  in  the  folding  forwards  of  the  mantle  lobes  over 
the  head  segment  A.  Now  the  shell-secreting  layers  of  the 
mantle  are  exterior,  and  the  two  valves  begin  to  form,  the 
dorsal  shell  rf*,  and  the  ventral  vs.  The  pedicle  and  posterior 
portion  of  the  body  come  out  freely  between  the  valves  and 
mantle  lobes  and  limit  the  hinge  areas  of  both,  hi  anp  hV, 

The  further  process  of  growth  increases  the  distance  between 
the  initial  dorsal  and  ventral  hinges,  for  while  the  original 
dorsal  beak  is  usually  maintained  at  the  hinge  line,  the  ventral 
beak  is  progressively  removed  and  the  ventral  hinge  travels 
from  its  first  position  at  the  beak,  along  the  edges  of  the 
umbo  leaving  an  open  triangular  area  or  delthyrium  in  the 
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ventral  valve  occupied  by  the  pedicle.  This  condition  repre- 
sents the  extent  oi  the  development  of  these  parts  in  Meins- 
tina  rectirostra  Hall  or  Gwynia  capsula  Jeffreys,  which  lack 
deltidial  plates  in  the  adult  shell.  The  young  of  other  telo- 
tremate  species,  as  Magellania  flaveacens  or  Terehratulina  sep- 
tentrioncdis^  agree  in  the  same  respect. 


30. 


33. 


35. 


3V 


36 


Figure  30. — Delthyrium  of  young  Rhynchonella,  without  deltidial  plates. 

PiGL'RE  31. — The  same  at  a  later  stage,  with  two  triangular  deltidial  plates. 

Figure  32. — The  same  after  completed  growth ;  showing  joining  of  deltidial 
plates,  and  limitation  of  pedicle  opening  to  ventral  beak. 

Figure  33. — Dorsal  view  of  Magellania  flavescetis ;  showing  completed  deltidial 
plates,  del. 

Figure  34. — The  same ;  profile,     ds,  dorsal  valve ;  vs,  ventral  valve ;  p,  pedicle. 

Figure  35. — Dorsal  view  of  umbonal  portion  of  adult  Terehratulina  septenirionalis, 
with  shell  removed  by  acid ;  showing  slight  secondary  extension  of  ventral 
mantle  around  pedicle  (consequently  small  deltidial  plates  are  secreted  in  this 
species).     Mantle  areas  secreting  deltidial  plates  are  shaded. 

Figure  36. — Dorsal  view  of  umbonal  portion  of  Magellania  flavescens^  with  the 
shell  removed  by  acid;  showing  the  complete  envelopment  of  base  of  pedicle 
by  secondary  expansions  from  ventral  mantle,  and  consequent  production  of 
deltidial  plates  filling  delthyrium  except  at  pedicle  opening.     See  figure  33. 

An  examination  of  the  animal  at  this  stage  shows  that  the 
mantle  lobes  line  only  the  interior  of  the  valves  proper.  The 
exposed  edges  of  the  mantle  are  around  the  peripheries  of  the 
valves  and  also  that  portion  of  the  ventral  mantle  border  limit- 
ing the  deltidial  opening  and  passing  along  the  sides  of  the 
pedicle  at  its  base.  The  ventral  mantle  gradually  extends 
from  each  side  as  two  prolongations  partially  covering  the 
opening  and  enveloping  the  proximal  portion  of  the  pedicle. 
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Afi  this  is  an  extension  of  the  shell-secreting  surface  of  the 
mantle^  there  naturally  results  the  formation  of  two  plates 
within  the  deltidial  area.  Their  structure  is  commonly  punc- 
tate whenever  the  valves  are  punctate. 

These  outOTOwths  or  extensions  of  the  mantle  into  the  delti- 
dial area  finally  touch  and  coalesce  until,  as  in  M.flavescens^  the 
pedicle  emerges  through  an  opening  in  the  ventral  mantle, 
and  pari  passu  the  deltidial  plates  unite  and  limit  the  pedicle 
opening  to  the  beak  of  the  ventral  valve.  The  latter  process 
has  been  carefully  described  by  Deslongchamps,"  Clarke  and 
the  writer"  and  need  not  be  dwelt  on  here.  Figures  35  and 
36  of  the  beaks  of  T,  septentrionalis  and  M.  flavescens  with 
the  shell  removed  show  the  relations  of  the  ventral  mantle  to 
the  pedicle,  and  the  portions  which  secrete  the  deltidial  plates. 

The  deltidium  and  delthyrium  are  often  simulated  m  the 
growth  of  the  dorsal  valve  in  genera  having  a  high  cardinal 
area  in  this  valve.  Orthis,  Leptaena,  Clitambonites,  Spirifer, 
and  Stricklandinia,  may  be  cited  as  examples.  They  cannot 
properly  be  correlated  with  similar  parts  in  the  ventral  valve, 
for  their  ori^n  is  quite  different.  Primarily,  a  deltidial  open- 
ing is  for  the  extrusion  of  the  pedicle  and  this  belongs  pro- 
perly to  the  ventral  valve.  The  dorsal  fissure  is  the  space 
between  the  diverging  teeth  sockets,  and  may  be  filled  by  the 
cardinal  process,  as  in  Leptcena  and  Orthis,  or  it  may  have  in 
addition  a  convex  plate  or  chilidium  covering  it,  as  in  Clitam- 
bonites. In  Spirifer  and  Stricklandinia,  the  opening  remains 
unclosed. 

The  true  deltidial  plates  are  formed  on  the  side  of  the  pedi- 
cle adjacent  to  the  hinge  by  extensions  of  the  ventral  mantle 
lobe,  and  begin  as  two  plates.  They  are  likewise  expressive 
of  maturity,  and  are  of  secondary  development,  while  the 
deltidium  begins  as  a  single  plate  in  the  median  line,  and  is 
eminently  a  primitive  character  in  the  Protremata. 

From  present  knowledge  of  the  group,  it  is  diflScult  to  offer 
an  explanation  for  the  presence  of  an  anal  opening  in  the 
Inarticulata  and  its  absence  in  the  recent  Articulata,  as  the 
solution  of  the  question  depends  upon  whether  the  class  is  to 
be  considered  as  progressive  or  degraded.  The  dorsal  beaks  of 
Amphigenia,  Athyris,  Cleiothyris,  Atrypa,  and  Khynchonella, 
are  usually  notched  or  perforate.  The  perforation  comes  from 
the  union  of  the  crural  plates  above  the  floor  of  the  beak  leav- 
ing a  passage  through  to  the  apex.  A  similar  opening  occurs 
between  the  cardinal  processes  in  Strophomena,  Stropheodonta, 
and  allied  genera,  ana  the  chilidium  may  also  be  furrowed,  as 
in  Leptotna  {•=  Strophomena)  rhomhoidalis.  This  character 
is  evidently  in  no  way  connected   with  the  pedicle  opening, 

Am.  Jour.  Sci.— Third  Sbrirs,  Vol  XLIV,  No.  260.— August,  1892. 
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but  points  to  the  existence,  in  the  early  articulate  genera,  of 
an  anal  opening  dorsal  to  the  axial  line,  as  in  the  recent 
Crania.  This  dorsal  foramen  was  described  and  figured  bj 
King**  in  1850,  Hall"  in  1860  and  by  several  authors  since, 
and  has  commonly  been  termed  a  visceral  foramen. 

(Ehlert'*  suggests  that  it  was  probably  occupied  by  the  ter- 
minal portion  of  the  intestine.  The  persistence  of  the  foramen 
seems  to  indicate  an  anal  opening.  In  reference  to  this 
character  and  the  obsolescence  of  the  eyes  the  class  must  be 
viewed  as  retrogressive  since  paleozoic  time.  Other  features, 
however,  are  manifestly  progressive;  namely,  the  gradual 
shortening,  through  time,  of  the  posterior  elements  of  the 
animal,  as  the  pedicle,  visceral  portions,  and  internal  shell 
structures,  and  the  expansion  of  the  anterior  parts,  as  the  shell 
and  brachia. 

A  further  advance  in  specialization  is  shown  in  the  limitation 
of  the  pedicle  opening  wholly  to  the  ventral  valve  in  the 
higher  rhynchonelloids,  athyroids,  spiriferoids,  and  terebratu- 
loids.  The  absence  of  punctse  in  all  the  early  radicles  and 
their  subsequent  development  in  the  derived  types  may  also 
have  a  similar  bearing. 

The  features  and  importance  of  the  protegulum  have  pre- 
viously been  discussed.!  It  is  merely  noticed  here  as  the 
embryonic  shell  of  the  completed  phylembryonic  period,  for  it 
is  the  first  stage  which  can  be  observed  among  the  fossil 
species,  and  is  the  initial  point  for  the  discussions  of  the 
relations  and  affinities  of  recent  and  fossil  forms.  Of  the 
protegulum  and  later  stages,  there  is  abundant  material  avail- 
able in  nearly  every  family  of  brachiopods,  ranging  through 
their  entire  geological  history. 

Po8t-emhryo7iic  stages. 

In  discussing  the  post- embryonic  stages  of  growth  two 
aspects  of  development  must  be  clearly  differentiated  ;  {a)  the 
ontogenetical,  and  (h)  the  phylogenetical.  The  ontogeny  of  a 
form  like  Schizocrania  may  be  conveniently  divided  into  the 
nepionic,  nealogic,  and  ephebolic  periods,  and  such  stages  may 
be  clearly  defined.  The  ephebolic  stage  of  Schizocrania,  how- 
ever, is  like  a  nealoeic  stage  of  Orbiculoidea.  In  other  words, 
Orbiculoidea,  in  its  development,  passes  through  a  Schizocrania- 
like  stage  before  reaching  maturity.*  These  facts  must  be 
viewed  from  a  phylogenetic  standpoint.  Moreover,  in  the 
geological  history  of  a  group,  certain  ephebolic  characters  of 

*  Attention  was  called  to  this  fact  in  a  publication  preliminary  to  vol.  viii  of 
the  Palaeontology  of  New  York,  pp.  131,  132,  issued  February,  1890.  Also  the 
development  of  the  pedicle  opening  in  Orbiculoidea  was  fully  described. 
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early  species  may  become  accelerated,  and  pass  into  the  nealogic 
period  of  later  forms,  while  other  characters  remain  ephebolic. 
Discinisca  oflEers  an  illustration  of  this.  Its  nealogic  characters 
agree  with  Orbiculoidea  in  the  form  of  the  valves  and  in  the 
pedicle  notch,  but  the  circular  or  elliptical  form  of  the  dorsal 
valve  in  adult  and  nealogic  Orbiculoidea  appears  so  early  in 
Discinisca,  that  it  marks  all  the  nepionic  stages.  The  inter- 
pretation of  these  facts  is,  of  course,  very  evident,  and  will  be 
subsequently  given  in  detail.  Attention  is  here  called  to  the 
statement,  that  while  nej)ionic,  nealogic,  and  ephebolic  stages 
represent  equal  intervals  in  the  life  of  each  individual,  they  do 
not  represent  conditions  of  growth,  or  the  possession  of 
characters  which  always  agree  stage  for  stage  in  the  species  of 
one  family  or  of  different  families. 

Other  distinctions  to  be  made  whenever  possible  are  {a) 
whether  certain  characters  (natural  or  acquired)  belong  to  a 
species  by  inheritance,  or  (J)  are  mere  adaptations  to  special 
conditions  of  environment  arising  at  any  time  in  its  history. 
A  clear  understanding  of  the  first  will  lead  to  the  true 
phylogeny  of  a  species  or  genus,  but  to  reach  this  the  charac- 
ters oi  the  second  category  must  be  excluded.  Thus  in  the 
series  of  Schizocrania,  Orbiculoidea,  and  Discinisca,  already 
cited,  there  is  an  apparent  genetic  connection  in  the  facts  as 
stated.  The  contrary  must  be  the  case  with  a  shell  like  Lingula 
complanata  Williams,  and  Z.  rioiniformia  Hall  which  initiate 
a  holoperipheral*  mode  of  growth  m  the  ephebolic  period,  for 
this  agreement  in  the  method  of  concrescence  with  adult 
Orbiculoidea  here  appears  in  the  mature  stages  of  this  species, 
and  being  absent  in  the  early  members  of  the  genus  cannot 
therefore  be  an  ancestral  character.  It  is  a  morphological 
equivalent,  which  may  or  may  not  be  continued  in  the  later 
species  of  the  series. 

Whenever  features  are  present  which  can  be  referred  to  an 
ancestral  origin,  their  elimination  can  take  place  only  bv  the 
process  of  acceleration  of  development.  On  the  other  hand, 
there  may  be  secondary  characters  of  dynamical  or  homoplastic 
origin  wnich  appear  simultaneously  or  independently  in  dif- 
ferent groups  belonging  to  diverse  genetic  lines,  as  the 
deltidial  plates  of  the  Khynchonellidse,  Terebratulidse,  and 
Spiriferidae.  Further,  many  such  secondary  features  may 
occur  anywhere  in  the  geological  history  of  the  group,  as  the 
high  hinge  area  of  Orthisma,  Spirifer,  Syringothyris,  and 
Thecidium.  These  statements  are  in  full  accord  with  what 
Hyatt  has  determined  in  the  Cephalopoda,  and  the  application 
of  such  ideas  affords  a  fertile  field  of  researcL 

♦  oAof ,  whole ;  nepK^epeiaf  circumference. 
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Preliminary  to  a  study  of  the  stages  of  growth  observed  in 
the  diflEerent  orders,  a  simple  characteristic  example  of  each 
will  be  taken  to  show  the  limitations  of  the  post-embryonic 
periods. 

Nepionic  period. — In  brachiopods,  as  in  pelecypods,  this 
period  represents  the  growth  of  the  true  shell  immediately 
succeeding  the  embryonic  shell  or  protegulum,  and  before  the 
appearance  of  definite  specific  characters.  In  general,  the 
nepionic  shells  of  all  groups  are  marked  only  by  fine  concen- 
tric lines  of  growth,  and  are  therefore  nearly  smooth.  Some- 
times, however,  a  few  radiating  strise  or  other  ornaments  may 
appear  over  the  nepionic  portion,  but  this  is  not  the  prevailing 
rule.  Obolus  pulcher  Matthew  shows  a  cancellated  nepionic 
stage  and  is  one  of  the  most  striking  exceptional  examples. 

Plate  I,  figure  1,  represents  the  nepionic  stage  of  Glottidia 
albida,  drawn  from  the  beak  of  a  well-preserved  adult.  The 
shell  at  this  period  had  a  short  straight  hinge  (originally  the 
hinge  of  the  protegulum),  with  lines  representing  anterior  and 
lateral  growth,  making  the  outline  broadly  ovate.  It  is 
divided  from  the  succeeding  growth  of  later  stages  by  a  strong 
varix.  The  form  is  suggestive  of  Obolella,  and  as  this  is  the 
early  form  of  growth  of  many  of  the  LingulidsB  and  allied 
families,  it  is  here  called  the  Oholellastage,  It  is  not 
known  that  otherwise  the  characters  agree  with  those  of 
Obolellst,  but  as  it  is  characteristic  as  well  as  descriptive  the 
name  is  used  to  designate  this  form  of  nepionic  growth  when- 
ever present. 

The  nepionic  stage  of  Orbicxiloidea  minuta^  figure  4,  shows 
a  continuance  of  the  straight  hinged  condition  after  the  com- 

f)letion  of  the  embryonic  shell,  with  nearly  equal  incremental 
ines.  As  this  agrees  with  the  shell  of  Paterina  it  is  called  the 
Paterina-stage,  The  pedicle  emerged  freely  between  the 
cardinal  margins  of  the  valves.  It  will  be  shown  that  both 
this  and  the  Obolella-stage  are  represented  in  the  nepionic 
periods  of  many  genera  belonging  to  the  Atremata.  They 
may  succeed  each  other  in  a  single  species  or  one  alone  may  be 
present.  In  case  both  appear,  the  Paterina  stage  is  always  the 
first  one  to  be  developed. 

The  nepionic  stage  of  Leptcena  {=^Strophoniena)  rhomhoi- 
dalis,  fig.  7,  PI.  I,  is  represented  by  a  shell  without  radii, 
having  a  comparatively  large  pedicle  opening  in  the  ventral 
valve  and  a  large  deltidium.  The  hinge  is  not  well  defined 
and  the  shell  is  discinoid  in  form.    This  term  is  not  used  to  sug- 

{i^est  any  special  aflSnities  with  true  discinoid  genera,  as  Orbicu- 
oidea  or  Discinisca.  The  proper  name  for  this  stage  is  not 
yet  apparent  to  the  writer.  The  external  characters  as  ex- 
pressed by   both  valves  are  manifestly  nearer  to  Kutorgina 
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than  to  any  telotremate  genus.  Until  the  early  forms  belong- 
ing to  the  articulate  brachiopods,  especially  to  the  orthoid  and 
strophomenoid  groups,  have  been  thoroughly  studied,  the 
interpretation  of  the  nepionic  Leptoma  rhomboidalis  may  be 
uncertain.  It  should  be  noted,  however,  that  the  young  of 
Chonetes,  Productus,  Stropheodonta,  Orthothetes,  Lepteena, 
Plectambonites,  and  Strophomena,  all  have  little  or  no  indi- 
cation of  a  straight  hinge  line,  and  that  the  extension  of  this 
member  takes  place  during  later  nealogic  and  ephebolic  growth. 
This  in  itself  is  significant,  but  is  more  marked  when  taken 
with  the  growth  stages  shown  by  some  species  of  Strophomena 
which  have  after  the  protegulum,  a  Paterina-like  stage,  with 
straight  hinge  in  dorsal  valve,  succeeded  by  holoperipheral, 
disciuoid,  nepionic  growth,  and  finally  a  renewal  of  a  straight 
hinged  condition.  Thus  it  has  an  early  straight  hinged  form, 
which  is  lost  during  the  next  stage  of  growth,  and  again 
appears,  and  is  progressively  elongated  during  nealogic  and 
ephebolic  growth. 

The  nepionic  stages  of  Terehratulina  septentrionalis^  tig.  10^ 
PI.  I,  represent  a  decreasing  extension  of  the  cardinal  line  from 
the  protegulum,  an  open  delthyrium,  the  absence  of  radii,  and 
the  introduction  of  the  shell  punctse.  The  crura  at  this  stage, 
as  shown  by  Morse,  are  short  and  stout,  and  the  loop  is  unde- 
veloped. 

Nealogic  period. — During  the  progress  of  this  period  all  the 
features  which  reach  their  complete  growth  in  the  adult 
organism  are  introduced  and  progressively  developed.  Usu- 
ally they  appear  in  succession,  and  gradually  assume  mature 
conditions.  Thus  in  many  species  with  radiate  plications  or 
strise,  a  few  radii  appear  in  early  nealogic  growth,  and  are 
added  to  until  the  full  number  is  present.  Species  with 
deltidial  plates  develop  them  in  this  period.  The  early  stages 
may  offer  many  points  for  comparison  with  the  adult,  but  later 
stages  usually  differ  little  except  in  size.  Figures  2,  5,  8,  11, 
Plate  I,  represent  a  nealogic  stage  in  each  of  the  four  species 
taken  as  examples.  Others  from  the  same  species  could  be 
given,  but  these  suffice  to  show  that  one  or  more  character- 
istic adult  features  have  made  their  appearance. 

Ephebolic  period, — The  period  of  complete  normal  growth, 
or  the  maximum  of  individual  perfection.  This  corresponds 
to  the  adult,  or  mature  organism,  and  is  so  well  understood 
that  no  further  explanation  is  necessary.  For  the  sake  of 
completing  the  series,  the  ephebolic  shells  of  the  species  given 
are  represented  in  figures  3,  6,  &,  12,  Plate  I. 

Geratologic  period, — The  variations  due  to  old  age  may  be 
numerous  and  complex.  As  shown  by  Clarke  and  the  writer,' 
the  valves  generally  become  thickened,  and,  as  a  consequence. 
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the  margins  are  truncate  or  varicose,  the  vertical  diameter  of 
the  shell  is  increased,  the  beaks  involuted,  and  the  margins  of 
the  valves  often  lose  the  ornamentation  characteristic  of  the 
species.  The  deltidial  plates  or  deltidinm  may  be  resorbed  as 
well  as  the  beaks  of  the  valves.  Usually  the  ephebolic  charac- 
ters disappear  in  inverse  order  to  their  introduction.  This  is 
called  the  cUnologic  stage  of  geratolo^y  by  Hyatt.  Thus  in  a 
normal  adult  brachiopod  having  a  plicate  shell  and  deltidial 
plates,  which  characters  were  introduced  during  the  nealogic 
period,  the  expression  of  old  age  will  be  found  in  the  absorp- 
tion of  the  deltidial  plates  and  in  the  obsolescence  of  the 
plications.  Large  specimens  of  Terebratella  transversa  Sow. 
often  furnish  examples  of  this  clinologic  stage. 

The  geratologic  development  of  Bilobites"  consists  in  the 
obsolescence,  in  B,  various  Con.,  of  the  bilobed  form  of  the 
shell,  thus  reverting  to  an  early  nealogic  condition  equally 
characteristic  of  B.oilobus  and  jB.  Verneuilianus. 

Another  aspect  of  growth  and  decline  is  manifest  when  the 
size  of  individuals  and  the  chronological  history  of  groups  are 
taken  into  consideration.  Each  genus  and  family  began  with 
small  representatives,  and  rapidly  developed  the  more  radical 
varieties  of  structure.  Then  came  the  culmination  and  final 
reduction  in  size,  with  abundance  of  geratologousand  pathologic 
forms.  The  oldest  known  shell  with  calcareous  spires,  Zygo- 
spira,  is  a  comparativelv  minute  form.  Nearly  all  the  types  of 
the  suborder  to  which  tfiis  genus  belongs  (Helicopegmata)  appear 
in  the  Upper  Silurian.  Species  presenting  the  maximum  size 
belong  to  the  Devonian  and  Carboniferous.  Before  the  extinc- 
tion of  the  suborder  in  the  Trias,  the  individuals  are  small,  and 
such  abnormal  genera  as  Thecospira,  Koninckina,  and  Amphi- 
clina,  abound.  Productus  begins  with  small  species  (Produc- 
tella)  in  the  Lower  Devonian,  and  in  the  Carboniferous  attains 
the  largest  dimensions  of  any  known  brachiopod  {P.  gigantetts). 
During  the  Permian,  the  species  have  dwindled  in  size,  and 
the  geratologous  Strophalosia  and  Aulosteges  are  the  cliief 
representatives. 

The  culmination  of  geratologous  growth  results  in  the  re- 
version of  the  animal  to  its  own  nepionic  period,  and  is  called 
the  nostologic  stage.  As  this  is  an  extreme  condition,  it  can 
be  found  only  in  certain  genera  and  species  which  have  been 
developed  by  a  process  of  accelerated  geratologous  heredity. 
If  Gwynia*  is  accepted  as  a  valid  genus,  it  belongs  to  a  pro- 
nounced nostologic  type.  The  shell  has  a  small  internal  plate 
on  each  side  of  the  dorsal  umbo,  evidently  the  bases  of  crural 

*Some  authors  hare  been  disposed  to  consider  this  form  as  the  young  of  a 
species  not  yet  determined.  It  has  also  been  referred  to  Macandrevia  cranium^ 
CisfeUa  cistellula,  and  C.  neapoHfana.  This  question  cannot  at  present  be  deter- 
mined, although  some  characters  of  the  shell  indicate  a  mature  organism. 
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plates.  King/^  the  author  of  the  genus,  states  that  the  labial 
appendages  are  attached  directly  to  the  shell,  and  not  to  a 
loop,  as  in  other  genera  of  the  family.  Cistella  may  be  taken 
as  a  representative  of  nostologic  development  among  the 
terebratuloids.  The  species  are  smooth,  or  pauciplicate,  and 
small;  deltidial  plates  obsolescent,  loop  more  or  less  unde- 
veloped. In  C.  neapolitana^  the  lamellae  of  the  loop  are 
nearly  obsolete  and  are  free  only  near  the  crura,  while  the 
anterior  portions  are  confluent  with  the  valve  (Shipley).  A 
slight  progression  of  these  reversions  would  naturally  result  in 
a  degenerate  form  like  Gwynia,  which  is  without  a  calcareous 
loop ;  with  no  surface  ornamentation  ;  deltidial  plates  absent, 
punctae  few  and  large,  all  of  which  features  are  strictly  nepi- 
onic.  Besides  Cistella  and  Gwynia,  other  loop-bearing  genera 
present  nostologic  features  of  importance  in  a  natural  classifi- 
cation. These  consist  mainly  in  their  small  size ;  the  absence 
of  surface  ornaments ;  the  obsolescence  of  deltidial  plates,  and 
the  loss  of  a  complete  loop  supporting  the  arms.  In  the 
Terebratulidee,  Kraussina  and  Platydia  may  be  mentioned  as 
belonging  to  geratologous  types  with  a  nostologic  tendency. 
Likewise,  in  other  groups,  Atretia  in  the  Rhynchonellidse,  and 
Strophalosia  and  Aulosteges  in  the  Productidee,  are  examples 
of  nostologic  types. 

Cistella  and  Gwynia  among  the  genera  of  brachiopods, 
therefore,  bear  the  same  relation  to  the  terebratuloids  that 
Baculites  among  the  cephalopods  bears  to  the  ammonoids. 

Synopsis, 

Protemhryo. — Ovum  and  segmented  stages  before  formation  of 
blastula  cavity. 

Mesemhryo, — Blastosphere. 

Metembryo, — ^Gastrula. 

Neoembryo. — Trochosphere  and  cephalula,  with  posteriorly 
directed  mantle  lobes,  and  bundles  of  setae  from  body  segment. 

Typ€mbryo.^lt2irv&  with  mantle  lobes  folded  anteriorly  over 
head  segment. 

Phylembryo. — Brachiopod  covered  by  protegulum,  tentacles  of 
arms  developed,  bundles  of  setse  dehisced,  definition  of  stomach 
and  oesophagus,  direct  transformation  of  larval  muscles  into 
those  corresponding  to  muscles  of  adult  animal. 

Deltidiiim, — A  single  plate  developed  at  an  early  period  by 
the  body  and  pedicle  of  animal  posterior  to  dorsal  hinge,  and 
later  ankylosed  to  ventral  valve. 

Deltidial  plates. — A  nealogic  and  adult  feature  produced  by 
the  extensions  of  the  ventral  mantle  lobe  into  the  delthyrium. 

Brachiopoda. — Retrogressive  in  loss  of  anal  opening  and  eyes, 
progressive  in  concentration  of  posterior  elements,  expansion  of 
anterior  elements,  and  limitation  of  pedicle  opening  to  one  valve. 
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Nepionic  period. — Youpg  shells  before  the  appearance  of  dis- 
tinctive specific  characters. 

Nealogic  period. — Progressive  development  of  the  specific  fea- 
tures which  reach  their  complete  growth  in  the  adult. 

Ephebolic  period. — Normal  adult  condition. 

Geratologic  period, — h>pecial  manifestations  of  old  age  in  ontog- 
eny and  in  phylogeny. 

Noatologic  types, — Extremes  of  geratology  represented  by  Cis- 
tella,  Gwynia,  and  Atretia. 

Yale  Museum,  New  Haven,  Codd.,  May  31,  1892. 
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EXPLANATION  OF  PLATE. 
Gioitidia  albida  Hinds. 

FiorRB  1. — Ncpionic  shell ;  Obolella  stage.     x36. 

Figure  2. — Nealogic  stage;    showing  anterior  growth  producing  L!ngula-like 

form.      X 16. 
Figure  3— Kphebolic  stage,     x  f . 

Orbiculoidea  minuta  Hall. 

Figure  4. — Nepionic  shell ;  Paterina  stage,     x  3t>. 

Figure  5. — Nealogic  stage ;  first  holoperipheral  growth,    x  16. 

Figure  6. — Ephebolic  stage,     x  10. 

Lepicena  rhomboida/ia  Wilck. 

Figure  7. — Nepionic  stages,  with  short  hinj2:e.     x  36. 
Figure  8. — Early  nealogic  stage,  with  radiating  stri».     x  10. 
Figure  9.—  Ephebolic  stage,     x  f . 

TerebratuUna  sfptentrtonalis  Couth. 

Figure  10. — Nepionic  stage,  with  open  delihyrium.     x  26. 

Figure  11.— Early  nealogic  stage,  with  radiating  striae,      x  16.     (After  Morse.) 

Figure  1 2.-*-Epfiebolic  stage,     x  |.    (After  Davidpon.) 


Art.   XX. — On   some  Dovhle   Halidea  of  Silver  and  the 
AlhUi-metaZs ;   by  H.   L.  Wells  and   H.  L.  Wheeler. 
With  their  Crystallography ;  by  S.  L.  Penfield. 

During  a  systematic  search  for  well  crystallized  salts  of  the 
type  M'Hl .  AgHl,*  which  we  were  anxious  to  obtain  on 
account  of  their  probable  isomorphism  with  the  alkaline 
tribalides,  three  well  defined  compounds  of  another  type, 
2M'H1 .  AgHl,  were  obtained.  Our  experience  indicates  that 
these  2 : 1  salts  are  more  easily  prepared  and  crystallize  better 
than  the  1 : 1  compounds. 

The  bodies  to  be  described  are  2CsCl.  AgCl,  2EbI .  Agl  and 
2KI .  Agl.  Two  of  these  are  believed  to  be  new  salts ;  the 
other,  2Kl .  Agl  has  been  described  by  Boullay.f  We  have 
not  obtained  a  complete  series  of  these  compounds,  for  good 
crystals  could  not  be  made  of  the  other  members,  and,  under 
the  circumstances,  no  products  were  analyzed  except  such  as 
could  be  measured. 

The  compounds  are  interesting  from  the  fact  that  they  do 
not  conform  to  Eemsen's  law  concerning  the  composition  of 
double  halides^  for,  contrary  to  this,  they  contain  a  number  of 
alkali-metal  atoms  which  is  greater  than  the  number  of  halogen 
atoms  belonging  to  the  silver.     In  his  latest  contribution  to  the 

*  This  Journal,  III,  xliii,  30  and  485.        f  -^"D-  Chim.  Phys.,  II,  xxiv,  377. 
t  Am.  Chem.  Jour,  xi,  291. 
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subject,*  Kemsen  states  that  the  exceptions  to  his  law  are  *^  not 
more  than  three  or  four  oat  of  over  four  hundred."  The  work 
here  described  confirms  the  result  of  BouUaj,  adds  two  more 
exceptions  to  the  law  and  points  to  the  existence  of  a  greater 
number  of  compounds  of  the  same  type.  It  may  be  men- 
tioned that  a  considerable  number  of  other  exceptions  to  this 
law  have  recently  been  established  in  this  laboratory  and  will 
soon  be  described. 

Preparation  and  properties. — The  salts  are  made  by  satu- 
rating a  very  concentrated,  hot  solution  of  an  alkaline  halide 
with  the  corresponding  silver  halide,  filtering,  cooling  to  crys- 
tallization and,  if  necessai-y,  evaporating  the  mother-iiquor  at 
ordinary  temperatures.  If' the  solutions  are  too  dilute,  in  some 
cases  at  least,  the  1 : 1  salts  are  formed.  The  compounds  have 
little  tendency  to  crystallize  well  and  many  trials  are  usually 
necessary  in  order  to  obtain  satisfactory  products.  The  salts 
are  all  white.     They  are  readily  decomposed  by  water. 

Method  of  analysis. — The  products  analyzed  were  in  the 
form  of  crystals  of  such  size  that  it  was  certain  that  they  were 
not  mixed  with  other  substances.  In  preparing  them  for 
analysis  the  mother  liquor  was  removed  rapidly  and  completely 
by  pressing  them  between  smooth  filter-papers  and  great  care 
was  taken  to  avoid  any  evaporation  of  the  liquid  which  ad- 
hered to  them.  The  analyses  were  made  bv  treating  them 
with  a  sufficient  amount  of  water  acidified  with  nitric  acid  and 
weighing  the  silver  halide  thus  separated.  The  filtrate  from 
this  was  used  for  determining  the  remaining  halogen  or  the 
alkali- metal. 

Analyses. 

Calculated  for 
Found.  2C8CI .  AgCl. 

CaBsiiim 55-38 

Silver 24-85  22-47 

Chlorine J-J-IS 

Calculated  for 
Found.  2RbI.AgI. 

Rubidium 25-05  25-91 

Silver 17-32  16-36 

Iodine 57-53  57-73 


99-90  100-00 

Calculated  for 

Found.  2KI .  Agl. 

Potassium 13*79 

Silver 18-73  1904 

Iodine 67*17 

*  Am.  Chem.  Jour.,  xiv,  87. 
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Crystallography. — The  three  salts  are  isoraorphons  and  crys- 
tallize in  the  orthorhombic  system.  The  forms  which  were 
observed  are : 


a,  100,  i-I 
6,  010,  i4 


110,  / 
120,  1-5 


d,  101,  l-« 
X,  301,  3-t 


The  axial  ratios  and  some  of  the  prominent  angles  are  ffiven 
in  the  following  tables,  the  fundamental  measarements  being 
marked  by  an  asterisk.  The  crystals  did  not  yield  very  accu- 
rate measurements. 


&     :  b  :      c 

2C8Cl.Ag01 
2RbI  .  Agl 
2KI    .Agl 

0-971   :  1  :  0*244 
0-977  :   1  :  0*236 
0-977  :   1  :  0*234 

2C8Cl.AgCl 
2RbI  .  Agl 
JKI.AgI 

WAm,  no  A  110 

88"   18' 
♦88    40 
♦88    40 

WAfi.  120^120 

*54*'  29' 

54     12 

54     12 

d^d,  101  A 
♦28'  ir 
♦27     12 
♦27      0 

m 


m 


lOl 


2  CsCl .  AgCl  was  made  in 
minute  prisms,  less  than  a 
millimeter  in  diameter,  having 
the  habit  shown  in  fig.  1.  The 
measurements  are  only  approxi- 
mately correct. 

Two  crops  of  2KbI .  Agl 
were  examined.  One  was  like 
fig.  1  in  habit,  the  other  in 
plates,  fig.  2.  The  crystals 
were  nearly  IC"™  in  length.  On 
this  salt  a  cleavage,  parallel  to 
a,  was  observed ;  also,  as  small 

faces,  the  forms  i  and  x,  which  are  not  shown  in  the  figures. 

In  convergent  polarized  light  an  obtuse  bisectrix  was  seen, 

normal  to  a,  the  axial  plane  being  the  brachy-pinacoid. 
2KI .  Agl   was   made  in  prismatic  crystals,   over  10™"  in 

length  and  having  the  habit  and  forms  shown  in  fig.  1. 


Sheffield  Scientiflc  School,  April,  1892. 


Art.  XXI. — On  the  CcBsium  and  Rubidium  Chloi^axirates 
and  Bromaniratea ;  by  H.  L.  Wells  and  H.  L.  Wheeler. 
With  their  Crystallography  /  by  S.  L.  Pexfield. 

A  STUDY  of  the  compounds  to  be  described  was  undertaken 
in  the  hope  that  some  crystallographic  analogy  would  exist 
between  tnem  and  the  alkaline  pentahalides  described  in  a 
previous' article.*     No  such  analogy  has  been  found  in  spite  of 

•  This  Journal,  xliv,  42. 
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the  similarity  of  such  formuIsB  as  CsCl .  C1,I  and  CsCl. Cl.Au, 
but  since  some  of  these  gold  salts  have  never  been  described  and 
as  they  show  some  interesting  relations  among  themselves,  our 
results  are  deemed  worthy  of  publication.* 

Th.  Rosenbladtjt  in  an  article  on  the  solubility  of  the  chlor- 
aurates,  states  that  the  caesium  and  rubidium  salts  lose  their 
water  of  crystallization  almost  completely  when  dried  over 
sulphuric  acid.  He  gives  no  statement  of  the  amount  of 
water,  but  refers  to  his  dissertation  of  1872  which  is  inacces- 
sible to  us.  He  mentions,  however,  that  the  crystals  of  both 
salts  belong  to  the  monoclinic  system,  so  that  it  is  probable 
that  the  compounds  he  obtained  were  the  ones  that  we  have 
found  to  be  anhydrous. 

The  compounds  that  have  been  prepai*ed  are  CsAuCl^, 
2CsAuCl, .  H,0,  OsAuBr,,  Rb AuOl,  and  Rb AuBr,.  We  have 
attempted  in  each  case  to  obtain  bodies  containing  more  caesium 
and  rubidium,  but  no  evidence  of  their  existence  has  been 
found. 

An  investigation  of  the  corresponding  iodine  compounds 
was  also  undertaken,  but,  on  account  of  tne  instability  of  auric 
iodide,  we  did  not  obtain  any  pure  or  well  crystallized  products. 

Preparation : — The  salts  are  so  insoluble  that  they  form 
precipitates  when  moderately  concentrated  solutions  of  the 
component  salts  are  mixed,  and  the  products  are  readily  recrys- 
tallized  from  water  or  from  the  mother  liquors.  It  is  usually 
immaterial  whether  the  solutions  are  neutral  or  acid  or  whether 
the  gold  or  alkaline  halide  is  in  excess,  but  the  salt  2Cs AuCl« . 
HjO  requires  special  conditions  for  its  preparation,  for  it  is 
apparently  formed  only  when  a  large  excess  of  gold  chloride 
is  present  and  when  the  solution  does  not  contain  much  free 
acid.  We  have  used  four  atoms  of  gold  to  one  of  caesium  in 
making  this  salt,  but  it  usually  requires  repeated  trials  under 
these  conditions  before  it  is  obtained  free  from  the  anhydrous 
compound.  The  two  salts  are  however  so  distinct  in  form  that 
there  is  no  difficulty  in  distinguishing  them. 

Properties:— Ti\'^  color  of  CsAuCI,  and  of  2CsAuCl,.  H,0 
is  golden-yellow ;  RbAuCl^  is  yellowish-red ;  the  two  bromides 
are  black,  but  give  a  dark  red  powder. 

All  the  salts  are  sparingly  soluble  in  water,  especially  when 
cold,  and  the  caesium  compounds  are  less  soluble  than  the 
rubidium.  All  of  them  are  only  slightly  soluble  in  alcohol 
and  insoluble  in  ether. 

♦The  announcement  by  Professor  Remsen  (Am.  Chem.  Jour.,  xir,  89),  that  he 
and  Mr.  H.  C.  Jones  proposed  to  examine  the  gold-rubidium  halides,  was  not 
made  until  after  the  work  described  in  this  article  had  been  completed. 

f  Berichte,  xix,  2535. 
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Methods  of  analysis : — The  crystals  were  prepared  for  analy- 
sis by  quickly  pressing  them  between  smootn  iilter-papers  and 
finally  allowing  them  to  become  air-dry.  The  hydrous  caesium 
chloranrate,  however,  loses  its  water  and  becomes  opaque  on 
exposure.  It  was  therefore  dried  as  rapidly  and  thoroughly 
as  possible  on  paper  and  was  put  into  a  weighing-tube  as  soon 
as  some  of  the  fragments  began  to  lose  their  transparency. 

Gold  was  determined  b^  precipitation  vrith  ammonium  oxa- 
late or  with  sulphurous  acid.  The  filtrate  from  the  metallic 
gold  was  used  either  to  determine  the  alkali-metal  as  normal 
sulphate  or  the  halogen  by  the  usual  gravimetric  method. 
Water  was  determined  by  the  method  used  in  the  combustion 
of  organic  compounds,  the  halogens  being  held  back  by  a  mix- 
ture of  lead  chromate  and  lead  oxide.  The  absence  of  water 
in  the  anhydrous  compounds  was  established  by  the  use  of  the 
same  process. 


Analyses. 

Found. 

Calculated 
for  CsAaCU 

Caesium 

Gold 

Chlorine 

28-11 
41-61 
29-91 

28-16 
41-77 
30-06 

99-63 

Found. 

Calculated 
for  2CsAuCl4 .  HaO 

Caesium 

Gold 

Chlorine 

Water 

27-23 

40-23 

29-07 

2-32 

2 -'37'* 

27-63 

40-99 

29-50 

2-20*               1-87 

98-86 

Found. 

Calculated 
for  0sAuBr4 

Caesium 

Gold 

Bromine 

30-73 
30-32 
49-31 

30-26 

20-45 
30-34 
49-21 

100-36 

Pound. 

Calculated 
for  RbAuCU 

Rubidium 

Gold 

Chlorine 

45-53 
32-98 

20-14 
46-46 
33-40 

*  From  a  separate  product. 
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Pound. 

Rabidium 

Gold. 32-64 

Bromine 


Calculated 
for  RbAuBr* 

U-18 
32-73 
53-08 


Cry%taUogTa])hy : — The  crystallization  of  CsAuCl^,  Cs AnBr^, 
RbAuOl^  and  KbAuBr^  is  monoclinic.  The  four  salts  form 
an  isomorphous  group  and  are  identical  in  crystalline  habit. 
The  forms  which  nave  been  observed  on  them  are : 


c,  001,  0 
m,  110,  I 


(2,  021,  2-i 
e,  201,  2-1 


i>,  111,  1 


The  crystals  are  prismatic  and  are  usually  terminated  by  e^ 
fig.  1.  When  other  faces  are  present  they  are  always  small,  as 
represented  in  fig.  2.  The  pyramid  »,  which  is  not  shown  in 
the  figure,  frequently  occurs  as  a  small  face,  replacing  the  edge 
between  d  and  e.  Among  the  crystals  of  CsAuBr^  several 
twins  were  observed,  having  j?.  Ill  as  the  twinning  plane,  fig. 
3,  while  fig.  4  represents  a  crystal  of  Rb  AuBr^  twinned  about  e?, 
20l.  The  letters  belonging  to  the  parts  in  twin  position  are 
underlined.  Both  kinds  of  twins  are  abnormally  developed  as 
represented  in  the  figures.  In  all  four  compounds  the  cleav- 
age is  perfect  parallel  to  the  base. 

The  rubidium  salts,  being  the  most  soluble,  form  readily  in 
large  crystals,  several  centimeters  in  length.  The  chloride, 
especially,  yielded  magnificent  crystals,  which  frequently  were 
only  limited  in  length  by  the  size  of  the  vessel  and  volume  of 
the  solution  containing  them.  The  csesium  salts  are  less 
soluble  and  were  made  in  small  prisms,  seldom  over  5"*™  in 
length.  The  crystals  were  frequently  hollow  or  cavernous  at 
the  extremities,  this  was  especially  true  of  the  two  bromides. 
The  faces,  for  the  most  part,  gave  excellent  reflections  of  the 
signal  on  the  goniometer. 
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The  axial  ratios  are  as  follows : 

CriAuCU 
a:6:<f=11255:  1:0*7228 
/3=7r  36' 
RbAuCl« 
d:6:  c  =  1-1954:  1:0-7386 
/3  =  75"  32' 


CsAuBr* 
dk'.h:6  =  11369: 1:0-74:11 
/?  =  70**  24i' 
abAu6r4 
d:b  c  :  =  1-1951: 1 :  0-7256 
/?  =  76**  63^' 


In  the  following  tables  the  angles  which  were  chosen  as 
fundamental  are  marked  by  an  asterisk. 


CsAuCU 


CsAuBr* 


MeMured.         Calculated. 

Measured. 

Calculated. 

wiAWl,   110^110  =  ♦93'  46' 

♦93"  53' 

Wa  c,  110^001  =    77     36             77*32' 

»76    46 

m^  (2,   110  A  021=    44       6              44      7 

43    23, 

43''  20' 

d^p,  021^111  = 

32    23 

32   40i 

dA  e,  021  A  201  =*75     17 

75    31 

76    69 

VI  A  c,  110  A  201  =  *60     36 

*60    41 

c^  c,  001  A  201  =   64     20,             64    18 

m  A  771,  Reentrant  angle  of  twin, 

27    68 

27  58 

RbAuCU 

RbAiLBr4 

Measured.         Calculated. 

Measured. 

Calculated. 

wiaWI,  110a110  =  *98"    21' 

♦OS''  40' 

iTiA  c,    110  A  001  =*80     36 

*81    30 

mA  d,    110  A  021  = 

44    57 

45     ]2i 

dAl>,      021  A  111  = 

31    26 

31    35i 

dA  e.    021  A  201  = 

72    28 

72    26 

mA  e,    110  A  201  =  *62     12 

62      9 

62    21i 

Ca  «,    001.^201=    60       4             59' 69' 

d..d,    021a021=110     20           110      4J 

»109   26 

m  A  m,  Reentrant  angle  of  twin, 

55   42 

55     17 

In  their  axial  ratios  the  two  caesium  salts  are  very  similar, 
as  are  also  the  two  rubidium  salts,  while  the  rubidium  com- 
pounds differ  considerably  from  those  of  caesium,  especially  in 
the  relation  of  d  to  the  other  axes  and  in  the  angles  ^.  It  is 
therefore  evident  that  the  replacement  of  one  metal  by  another 
in  these  salts  has  a  considerable  influence  upon  their  form, 
whereas,  as  we  have  shown,  such  a  replacement  in  the  caesium 
and  rubidium  trihalides  has  little  or  no  effect.  There  seems  to 
be  no  regularity  in  the  influence  of  the  replacement  of  chlorine 
by  bromine  in  these  gold  salts,  for  in  the  caesium  compounds 
the  chloride  has  a  slightly  shorter  axis  c  and  a  greater  angle  ^ 
than  the  bromide,  while  in  the  rubidium  salts  exactly  the 
reverse  is  true  in  both  cases.  This  unexpected  relation  between 
the  chlorides  and  bromides  has  been  confirmed  by  repeating 
the  measurements,  especially  of  the  angle  waC,  using  both 
crystal  and  cleavage  faces.  It  is  certain  that  this  angle  is  about 
a  degree  greater  with  the  chloride  than  with  the  bromide  in 

Am.  Jouk.  Sci. — Third  Sbribs,  Vol.  XLIV,  No.  260.— August,  1892. 
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the  csesiam  salts,  while  in  the  mbidinm  compounds  it  is  about 
a  degree  less. 

6.  The  crystallization  of  2Cs  AnCl, .  H,0  is  ortho- 

rhombic.  This  salt  was  repeatedly  made  bat  only 
one  crop  of  crystals  was  obtained  which  was 
suitable  for  measurement.  These  were  thin 
plates,  having  the  habit  shown  in  fig.  5.  They 
were  not  over  5°*™  in  length  and  were  only  a 
fraction  of  a  millimeter  thick.  On  removal  from 
the  mother  liquor,  or  from  a  moist  atmosphere, 
the  transparent  plates  rapidly  became  opaque 
and  the  faces  lost  their  luster  so  that  only  approximate  measure- 
ments could  be  obtained. 


The  forms  which  were  observed  are : 


a,  100,  t-l 
6,  eio,  i-i 


w,  110,  I 
n,  120.  1-2 


d,  101,  l-l 


The  axial  ratio  is  as  follows : 


&:b:c=  0-625 :  1 :  0*24 


The  following  measurements  were  made. 


a^m,  100  A  110=  about  32'* 
o^  n,  100^120=  "   51" 


a^b,  100 >s 010  =  about  90** 
d.^(i,10lAI01=  "   42** 


Under  the  polarizing  microscope  the  crystals  show  parallel 
extinction  and,  in  convergent  light,  an  acute  bisectrix  normal  to 
a,  100.  The  plane  of  the  optical  axes  is  the  basa  The  diver- 
gence of  the  axes  is  large,  the  hyperbolae  opening  out  beyond 
the  field  of  the  microscope.     The  axes  of  elasticity  are : 


«  =  c, 


6  =  f>. 


The  double  refraction  is  therefore  positive. 

The  change  which  the  crystals  undergo  when  exposed  to 
dry  air  is  a  molecular  rearrangement,  accompanied  bv  loss  of 
water  and,  probably  a  change  to  the  anhydrous  salt  which  was 
described  above.  This  rearrangem.ent  is  a  beautiful  sight  when 
studied  with  the  microscope  in  polarized  light  The  change 
commences  a  few  minutes  after  tne  crystals  are  removed  from 
the  mother  liquor,  and  in  less  than  ten  minutes  has  usually 
advanced  to  such  an  extent  that  the  crystals  are  no  longer 
transparent.  The  crystals  at  first  show  a  uniform  action  on 
polanzed  light,  then  from  different  parts  of  the  surface  the 
rearrangement,  which  is  marked  by  aggregate  polarization, 
commences.  It  advances,  shooting  out  in  various  directions 
in  a  manner  resembling  the  growth  of  ammonium  chloride 
crystals  under  the  microscope,  until  the  whole  field  is  covered 
and  light  is  finally  no  longer  transmitted. 

Sheffield  Scientific  School,  April,  1892. 
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Art.  XXII. — Preliminary  Note  of  a  New  Meteorite  from 
Kenton  County^  Kentucky ;  by  H.  L.  Preston. 

[Read  before  the  Rochester  Academy  of  Science,  June  27th,  1892.] 

Ok  May  15th,  Prof.  Henry  A.  Ward  received  a  letter  from 
Mr.  R.  H.  Fitzhugh,  Bryson  City,  N.  C,  telling  of  a  meteorite 
he  had  identified  in  Kenton  County,  Kentucky.  In  Prof. 
Ward's  absence  Mr.  Frank  A.  Ward  sent  me  off  the  same 
night  to  look  up  the  meteorite.  I  arrived  at  Bracht  station  on 
the  Cincinnati  Southern  R.  R.,  Friday  morning  and  drove  as 
far  as  the  roads  would  permit  toward  Mr.  Geo.  W.  Cornelius's 
farm.  He  being  away  from  home  his  wife  showed  me  the 
"  metal "  as  they  called  it.  It  proved  to  be  a  beautiful  meteorite 
of  the  Siderite  variety,  533x366x203  millimeters  (21x14x8 
inches)  in  its  greatest  diameters,  and  163*0665  kilograms  (359^ 
pounds)  in  weight. 


KentoQ  Ck).  Meteorite,  one-seventh  natural  size. 


In  form  in  certain  directions  it  very  much  resembles  a  nau- 
tilus. It  has  numerous  but  mostly  shallow  pittings ;  a  few  deep 
pittings  occur  however  on  the  side  shown  in  the  accompanying 
cut  which  gives  a  good  idea  of  its  general  outline.  This 
meteorite  is  entirely  free  from  crust. 


Digitized  byCjOOQlC 


164      H.  L.  Prestoii — New  Meteorite  from  Kentucky. 

I  saw  Mr.  Cornelius  on  the  evening  of  the  next  day  and 
obtained  from  him  the  following  facts  in  relation  to  the 
meteorite. 

About  the  middle  of  August,  1889,  while  cleaning  out  a 
spring  situated  at  the  head  of  a  gully  some  three-quarters  of  a 
mile  from  his  present  home  in  Kenton  County,  eight  miles 
south  of  Independence,  the  county  seat,  he  stnick  with  his  hoe 
something  that  had  a  metallic  ring ;  obtaining  assistance  he  took 
the  mass  out,  finding  that  it  was  mterlocked  in  the  roots  of  an 
ash  tree  from  thirteen  to  fourteen  inches  in  diameter  and  was 
between  three  and  four  feet  below  the  normal  surface. 

He  let  the  mass  lie  by  the  spring  until  August,  1890,  when 
he  removed  it  to  his  woodshed  where  it  has  lam  until  purchased 
by  me  for  the  Ward  collection  of  meteorites.  It  is  now  at 
our  establishment  in  Rochester,  N.  Y. 

For  the  following  analysis  of  this  meteorite  I  am  indebted 
to  Mr.  John  M.  Davison,  of  the  Reynolds  Laboratory,  Univer- 
sity of  Rochester. 


Fe 91-69 

Ni 7-65 

Co 0-84 

Cu trace. 

C 0-12 

S trace. 

P trace. 

100-20 


In  the  course  of  a  conversation  with  Mr.  S.  J.  Cornelius,  a 
brother  of  the  gentlemen  of  whom  I  purchased  the  meteorite, 
he  mentioned  the  fact,  that  about  three  o'clock  on  the  seventh 
of  July,  1873,  while  returning  from  a  picnic  in  this  locality, 
and  when  within  half  a  mile  oi  where  the  meteorite  was  sub- 
sequently found,  he  heard  a  great  rumbling  in  the  heavens, 
which  appeared  to  last  three  or  four  minutes  and  was  followed 
by  a  quivering  of  the  earth.  As  the  day  was  clear  he  could 
not  account  for  this  phenomenon.  I  met  at  least  seven  other 
people  who  distinctly  remembered  the  picnic  and  the  "  rumb- 
ling in  the  heavens,"  and  some  one  or  two  "  the  quiver  of  the 
earth." 

Is  there  any  connection  between  this  date  and  the  fall  of  the 
meteor? 
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Art.    XXIII. — Additional  observations  on  the  Jurc^Trias 
trap  of  the  Neio  Haven  Region  ;  by  James  D.  Dana. 

In  connection  with  my  description  of  the  south  front  of 
West  "Rock,  the  annexed  figure  of  the  eastern  part  of  the  ex- 
posed sandstone  with  a  portion  of  the  base  of  the  overlying 
sheet  of  trap  is  introduced.*  It  is  repeated  here  in  order  to 
mark  from  it  the  localities  of  two  new  observations  of  interest. 


L  The  exposure  of  sandstone  represented  in  the  above 
figure  owes  about  eight  feet  of  its  height  to  the  removal  of 
overlying  trap  by  the  quarry  men.  The  trap  quarry  (see  Plate 
VII  of  my  former  paper)  extends  from  the  point  E  eastward 
for  nearly  140  yards.  At  a  spot  about  100  yards  east  of  this 
point  and  16  feet  below  it  in  level,  the  removal  of  the  debris 
from  the  floor  of  the  quarry  has  exposed  the  top  of  another 
ledge  of  upturned  sandstone.  The  escape  of  the  trap  from 
the  dike,  therefore,  was  not  along  the  sloping  surface  of  the 
upper  layer  exposed  at  E,  but  along  another  about  one  hun- 
dred yards  fartner  east. 

II.  About  90  feet  west  of  the  point  E  in  the  preceding 
figure,  and  40  to  50  feet  above  the  quarry-road,  the  talus  with 
the  partly  concealed  sandstone  is  crossed  by  2i  five-inch  dike  of 
trap.  It  was  first  observed  last  autumn  by  Professor  W.  6. 
Crosby.  It  looks  from  the  quarry-road  like  a  slight  break  in 
the  steep  surface.  (On  the  phototype,  Plate  VII,  referred  to 
above,  it  is  very  faintly  indicated  across  the  bed  of  sandstone, 
just  one  inch  from  the  sandstone  point  E.) 

The  little  dike  is  a  branch  from  the  underside  of  the  main 
sheet  of  trap.  It  makes  a  sinuous  line  of  outcrops  extending 
westward  along  the  talus  for  about  40  feet,  and  then  disappears 
under  the  debris.  In  this  distance  the  dip  of  the  outcrop  is 
about  18  feet ;  but  the  true  dip  of  the  sheet  is  northwestward 
about  20°  to  25°,  as  nearly  as  could  be  ascertained.  Toward 
its  junction  with  the  main  mass  of  the  West  Rock  trap,  it  is 
reduced,  for  nearly  a  yard  of  its  length,  to  two  strands  nardly 

.    ♦  This  Journal,  xlii,  102,  1891. 
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an  inch  thick  by  an  intervening  mass  of  sandstone ;  bat  this  is 
only  an  irreffularity  of  outflow  due  to  the  way  the  sandstone 
has  of  breaking,  like  that  in  the  Mill  Rock  dike  described  and 
figured  on  page  88  of  the  paper  above  mentioned. 
Tliis  branch  dike  has  several  points  of  interest. 

1.  It  affords  new  proof  that  the  West  Rock  outflow  took 

f)lace  under  a  heavy  cover  of  sandstone  and  therefore  was 
accolithic.  This  conclusion  was  sustained,  in  m^  former  paper 
(p.  103),  on  the  ground  (1)  that  the  outflow  continued  to  oe  an 
ascending  one  for  the  500  yards  of  its  westward  flow— ^which 
could  not  have  been  true  unless  it  were  under  a  resisting  cover ; 
and  (2)  the  outflow  retains  a  thickness  of  250  feet  quite  to  its 
extreme  western  limit,  which  it  could  not  have  done  if  it  had 
been  a  subaerial,  or,  using  a  much  needed  new  word,  a  sur- 
ficial^  flow  * 

But  (3)  under  laccolithic  conditions,  the  opening  of  a  fissure 
in  the  underlying  sandstone  for  a  discharge  from  the  lower 
part  of  the  mass  of  trap  or  else  from  the  dike,  would  be  a 
natural  result.  The  liquid  trap  that  was  being  forced  up  and 
onward  under  the  repressing  sandstone  formation,  might  readily 
have  made  the  fracture,  especially  when,  after  the  lava  had 
attained  nearly  its  full  thickness,  a  new  start  in  its  movement 
was  given.  Had  it  been  a  surticial  stream  it  would  have  had 
no  fracturing  power. 

2.  Other  pom ts  of  interest  in  the  dike  are  connected  with 
its  constitution.  (1)  While  the  rock  of  West  Rock  is  a  com- 
pact, rather  coarsely  crystalline  doleryte,  and  has  a  light  blue- 
gray  color  owing  to  the  abundance  of  labradorite  with  the 
pyroxene,  and  is  darker  and  finer  but  still  gray  at  its  junction 
with  the  sandstone,  the  trap  of  the  dike  is  black,  without  lus- 
ter, and  aphanitic.  Moreover,  (2)  it  is  amygdaloidal  or  vesicu- 
lar ;  some  of  the  cavities  are  over  an  inch  in  diameter  and 
contain  a  lining  of  quartz  crystals  with  a  tilling  often  of 
laumontite,  whue  others  are  minute  and  filled  with  quartz. 
The  rock  is  besides  irregularly  jointed,  and  much  rifted  and 
deeply  altered  along  the  rifts  by  weathering. 

Examined  microscopically  in  thin  slices,  the  rock  is  found 
to  have  other  peculiarities.  (3)  Magnetite  is  unusually  abund- 
ant in  verv  minute  grains,  much  more  so  than  in  the  trap  of 
West  Rock.  (4)  The  labradorite  of  the  rock  is  in  crystals  of 
the  usual  form,  but  they  are  extremely  small.  (5)  The  gray 
pyroxenic  material  about  the  labradorite  is  also  in  minute 
grains  and  seldom  shows  color  in  polarized  light.  Further,  (6) 
greeniBh  olivine  is  present  in  crystals  and  groups  of  crystals — 
a  mineral  not  yet  observed  in  the  West  Rock  trap.t 

*  The  word  superficial  is  too  various  in  its  signiflcatioDS  for  the  place.     Sur- 

ficial  is  like  surface  in  having  its  prefix  the  French  abbreviation  sur  in  place  of  super. 

f  A  full  petrological  description  of  the  rock  will  be  published  later  by  another. 
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From  the  facts  we  are  safe  in  concluding  that  the  liquid 
rock  of  the  little  fissure  had  at  its  outflow  the  maximum  tem- 

S^rature  of  the  main  mass ;  for  it  was  from  its  lower  portion, 
vidence  of  high  heat  is  indicated  by  the  presence  of  olivine. 
For  in  the  experiments  of  Fouqu6  and  Michel  L6vy,  basalt 
on  cooling  after  being  for  48  hours  at  white-red  fusion,  "  a 
temperature  above  the  melting  point  of  pyroxene  and  labra- 
dorite,"  afforded  "crystals  of  olivine  in  a  brownish  vitreous 
magma ;"  but  on  cooling  from  cherry-red  fusion  sustained  for 
48  hours,  afforded  numerous  microlites  of  labradorite  and 
auffite  with  magnetite.^ 

The  olivine  of  the  dike  was  made  at  the  expense  evidently 
of  the  pyroxene  ;  and  as  ordinary  olivine  contains  8  to  10  per 
cent  of  iron  protoxide  and  41*5  of  silica,  and  the  pyroxene  of 
West  Rock  trap,  according  to  the  analysis  of  Hawes,t  15*3  per 
cent  of  the  former  to  507  of  the  latter,  some  iron  protoxide 
may  have  been  set  free  in  the  process  to  add  to  the  magnetite, 
besides  silica  to  form  the  quartz-crystals  and  silicates  in  cavi- 
ties or  fissures. 

The  aphanitic  texture  of  the  trap  indicates  rapid  cooling, 
and  its  vesicular  character,  cooling  where  there  was  much 
moisture.  The  temperature  of  the  liquid  trap  was  evidently 
too  high  to  make  chlorite  from  the  constituents  of  the  pyrox- 
ene. Moreover,  the  feldspar  is  not  much  altered  notwithstand- 
ing the  moisture  at  hand. 

This  dike,  from  the  underside  of  the  West  Rock  trap-mass, 
suggests  an  hypothesis  with  regard  to  the  origin  of  tne  low 
and  narrow  belt  of  amygdaloidal  trap  that  runs  parallel  with 
the  high  and  wide  belt  of  compact  and  nearly  anhydrous  trap 
of  the  Mt.  Tom  Ridge,  from  western  Meriden  northward, 
keeping  in  close  parallelism  with  it  and  bending  with  it  east- 
ward at  its  southern  extremity  in  the  Meriden  region.  On 
PercivaPs  map,  Plate  XVI  in  vol.  xlii,  of  this  Journal,  the 
belt  is  that  of  the  series  of  narrow  dikes  lettered  A 1,  situated 
just  west  of  the  areas  3,  4,  5,  6,  7,  8,  9,  which  mark  the  main 
trap  range.  It  follows  the  curves  and  variations  in  height  of 
the  main  range. 

The  hypothesis  of  Prof.  Wm.  M.  Davis  supposes  that  this 
low  amygaaloidal  belt  is  the  outcrop  of  an  inferior  sheet  of 

♦Synth^e  dea  Min^raux  et  des  Roches,  1882,  p.  62. 

f  This  Journal,  111,  ix,  187.  G.  W.  Hawes  obtained  for  the  composition  of  the 
trap  (doleryte)  of  West  Rock  (mean  of  two  analyses):  Silica  51-78,  alumina 
]4'20,  iron  protoxide  8*26,  iron  sesquioxide  3*99,  manganese  protoxide  0*44, 
magnesia  7*63,  lime  10*70,  soda  2*14,  potash  0*39,  phosphoric  acid  U'14,  ignition 
0-63=99-89;  and  for  that  of  its  pyroxene:  Silica  50-71,  alumina  3*55,  iron  pro- 
toxide 15*30,  manganese  protoxide  0*81,  magnesia  13  63,  lime  13*35,  ignition  1*17, 
[alkalies  and  loss,  1-48]=  100. 
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trap,  parallel  with  that  of  the  Mt.  Tom  Eidge ;  and  that  the 
two  were  raised  together  from  their  original  horizontality 
along  with  the  sandstone  formation  in  which  they  were  inter- 
calated, into  a  raonoclinal  of  20°  to  25°.  The  apparent 
satisfactoriness  of  this  explanation  is  the  strongest  point  in 
Mr.  Davis's  hypothesis. 

The  parallel  courses  of  the  two  unlike  belts  has  always 
seemed  to  me  difficult  to  understand.  But  supposing  the 
Mt.  Tom  ridge  to  be  of  laccolithic  origin,  like  West  Rock,  the 
view  I  still  believe  to  be  most  probable  for  reasons  I  have 
stated,  the  new  facts  from  West  Rock  suggest  an  explanation  : 
that  this  subordinate  amygdaloidal  belt  of  trap  was  produced 
by  a  lateral  discharge  from  the  dike  of  the  laccolithic 
Mt  Tom  belt,  when  the  laccolithic  discharge  was  nearing  com- 
pletion. This  would  account  for  the  close  relation  of  the  two 
in  position.  Moreover  the  trap  of  such  a  dike  would  be  sure 
to  be  amygdaloidal ;  for  the  north  and  south  line  of  dikes  of 
the  Mt.  Tom  Ridge,  situated  along  the  western  side  of  the 
Connecticut  valley  trough,  would  have  been,  from  the  com- 
mencement of  the  outflow,  a  barrier  to  the  eastward  or  south- 
eastward flow  of  subterranean  waters  descending  from  the 
north  and  west,  so  that  the  accumulated  subterranean  stream 
would  have  been  large.  To  the  eastward,  the  subterranean 
waters  of  the  valley  would  have  been  divided  up  by  the 
parallel  trap  dikes,  for  the  hydration  and  vesiculation  of  other 
such  branch  dikes. 

The  value  of  the  two  hypotheses  as  to  the  origin  of  the 
trap  belts — the  dike  or  intrusive  and  the  monocline — can  be 
tested  in  two  ways.  One  I  have  already  referred  to:  the 
removal  of  the  trap  debris  making  the  long  east-and-west  talus 
of  the  Mt.  Tom  ridge,  near  Menden,  exposing  the  sandstone, 
as  done  for  the  east-and-west  talus  along  the  similar  south 
front  of  West  Rock  near  New  Haven.  The  sandstone  may 
be,  as  it  is  at  New  Haven,  upturned  beneath  the  trap-mass, 
without  conformability  between  the  two  rocks.  If  this  were 
found  to  be  the  case,  there  would  be  no  further  ground  for 
doubt  as  to  the  upturning  before  the  outflow. 

The  other  method  is  by  boring.  A  boring  carried  down 
through  the  sandstone  at  points  a  short  distance  to  the  west  of 
the  Mt.  Tom  ridge  would  pass  through,  if  the  monocline 
hypothesis  is  the  true  one,  at  no  great  depth — probably  within 
1000  to  2000  feet  of  the  surface — a  layer  of  compact  trap  200 
to  300  feet  thick,  and  then,  after  a  little  more  sandstone,  a 
layer  of  amygdaloidal  trap  ;  and  not  so,  if  the  dike  theory  is 
correct.  This  test,  repeated  in  other  parts  of  the  Connecticut 
valley  in  Connecticut  and  Massachusetts,  would  give  conclu- 
sive facts. 
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The  conformability  of  beds  in  monoclines  is  asually  proved 
to  be  a  fact  by  the  study  of  transverse  sections.  But  in  the 
case  of  the  trap  and  sandstone  of  the  Jura-Trias  area  of 
Eastern  America,  no  transverse  section  exhibiting  such  con- 
formability between  the  trap  and  sandstone  has  yet  been  made 
known  by  any  observer. 

III.  An  emergence  of  the  sandstone  placing  it  more  or  less 
above  the  sea-level  is  necessary  to  render  the  method  of 
hydration  above  appealed  to  possible.  There  is  other  evidence 
of  snch  emergence. 

The  existence  of  dikes  of  amygdaloidal  trap  in  East  Haven ^ 
and  of  others  of  compact  anhydrous  trap  in  New  Haven  local- 
ities, two  to  five  miles  apart,  is  evidence,  as  explained  in  my 
Geology,  of  the  hydration  of  the  liquid  rock  in  the  former 
region  while  on  the  way  to  the  surface ;  for  the  lava  at  its 
source  must  have  been  all  alike.  This  must  have  taken  place 
during  its  ascent  through  the  sandstone ;  for,  as  shown  by  E.  S. 
Dana,  the  trap  of  the  related  dikes  that  intersect  the  meta- 
morphic  rocks  is  unusually  anhydrous.  The  New  Haven  dikes 
are  situated  along  the  western  slope  of  the  Connecticut  valley 
trough,  and  those  of  East  Haven  toward  or  at  its  center, 
where  the  subterranean  waters  would  have  flowed.  Hence  the 
difference.  But  if  the  sandstone  were  wholly  under  the  sea- 
level,  the  amount  of  subterranean  water  could  not  have  thus 
differed,  in  the  two  regions  ;  and  consequently,  there  was  some 
emergence. 

If  the  sandstone  formation  was  thus  early  emerged  another 
conclusion  follows.  The  trap  of  the  Lake  Saltonstall  and 
Hartford  Kange  (its  more  soutnern  part  marked  EI,  EII,  EIII 
on  Percival's  map) — which  I  have  shown  to  have  originated, 
in  all  probability  from  fissure-ejections  subsequently  to  the 
upturning  of  the  sandstone — would  have  made,  as  I  long  since 
explained,  a  barrier  to  the  Connecticut  River  waters,  that 
would  have  cut  off  their  flow  southward  and  determined  sooner 
or  later  their  discharge  by  the  present  Middletown  Say  brook 
outlet  (See  Percival's  map.)  These  facts  therefore  bear  on 
Prof.  Davis's  hypothesis,  and  on  his  deductions  from  it  as  to 
denudation  over  the  region  of  the  Connecticut  valley. 
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« 

SCIENTIFIC    INTELLIGENCE. 

I.    Miscellaneous  Scientific  Intelligence. 

1.  Natural  Science:  A  monthly  remew  of  Scientific  Progress. 
Each  no.  80  pp.  8vo.  (Macmillan  &  Co.,  London  and  New 
York  ;  148.,  post  free.) — The  first  number  of  this  new  monthly 
appeared  on  the  1st  of  March.  The  four  numbers  thns  far  issued 
show  that  it  is  to  be  a  Journal  of  great  value  to  all  interested  in 
the  progress  of  natural  science.  Its  contributors  are  men  of 
high  scientific  standing.  The  June  number  contains  papers  by 
P.  L.  Sclater  on  the  Antelopes  of  Somali-Land,  with  figures; 
R.  L^dekker  on  Recent  Researches  in  Fossil  Birds ;  A.  Yanghan 
Jennmgs,  on  the  Cave  Men  of  Mentone,  giving  the  results  of 
recent  researches  and  a  plate;  G.  H.  Carpenter,  Facts  and  theories 
in  the  development  of  Insects ;  and  others  by  Prof.  Teall,  Prof. 
C.  Loyd  Morgan,  besides  various  shorter  notices  of  recent  dis- 
coveries. 

2.  Catalogue  of  Scientific  Papers  (1874-1883). — Completed 
by  the  Royal  Society  of  London,  vol.  ix,  1016  pp.  London,  1891. 
— This  large  volume  is  the  first  of  the  three  which  will  form  the 
third  series  of  the  Royal  Society's  Catalogue  of  Scientific  Papers, 
embracing  titles  of  papers  published  or  read  during  the  decade, 
1874-1883.  The  titles  are  arranged  under  the  names  of  the 
authors  and  are  given  with  great  thoroughness  and  accuracy; 
this  first  volume  contains  the  names  from  Abadie  to  Gissler.  The 
work,  like  its  predecessors,  is  invaluable  to  all  concerned  with 
the  literature  of  science. 

3.  Mcperiments  with  alternate  currents  of  high  potential  and 
high  frequency^  by  Nikola  Tesla.  A  Lecture  delivered  before 
the  Institution  of  Electrical  Engineers,  London.  With  a  por- 
trait and  biographical  sketch  of  the  author.  146  pp.  12mo. 
New  York,  1892  (The  W.  J.  Johnston  Company).— Mr.  Tesla's 
lectures  delivered,  in  February  last,  before  the  Institution  of 
Electrical  Engineers  in  London  have  been  republished  in  book 
form  from  the  pages  of  the  Electrical  World.  The  author's 
name  is  already  identified  with  some  very  important  advances  in 
connection  with  dynamos  giving  alternating  currents.  These 
lectures  give  the  results  of  his  experiments  with  very  rapidly 
alternating  currents  of  high  potential,  obtained  from  an  induction 
coil  operated  either  by  the  extremely  rapid  oscillations  of  a  dis- 
ruptive discharge  from  a  condenser,  or,  in  other  cases,  by  a  spe- 
cially constructed  alternator,  giving  many  thousand  reversals 
per  second.  The  luminous  phenomena  obtained  are  not  only 
novel  and  highly  interesting,  out  very  suggestive  as  to  a  possibly 
more  efiicient  means  of  illumination  than  that  now  in  use.  The 
volume  is  well  illustrated  and  serves  to  bring  the  substance  of 
these  remarkable  lectures  before  a  much  larger  audience  than 
that  which  had  the  privilege  of  hearing  them  delivered. 
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Art.  XXIV.  —  Note%  on  Mesozoic    Vertebrate  Fossils;    by 
O.  C.  Marsh.     (With  Plates  II-V.) 

The  extensive  collections  of  vertebrate  fossils  from  the 
Laramie  now  under  investigation  by  the  writer  contain,  besides 
those  already  described,  many  specimens  of  much  interest,  and 
some  of  these  are  briefly  noticed  and  figured  in  the  present 
article.  The  Dinosauria  of  this  formation  are  of  special 
importance,  particularly  in  their  relations  to  allied  forms  in 
the  Jurassic,  and  hence  some  of  the  latter,  also,  are  figured  for 
comparison. 

Claosaurus,  Marsh,  1890. 

Next  in  importance  to  the  CeratopsidcB  of  the  Laramie  are 
the  Dinosaurs  allied  to  Hadrosaurus^  and,  as  but  little  is 
really  known  of  the  skeleton  in  this  group,  some  of  the 
important  parts  are  here  described,  and  figured  in  Plates  II 
and  III.  These  are  mainly  from  a  single  specimen  which  is 
in  remarkable  preservation  ;  but  the  remains  of  a  second  indi- 
vidual, likewise  in  good  condition,  and  in  some  respects  more 
perfect,  have  also  been  used  in  the  investigation.  The  species 
18  Claosaurus  annectens^  already  briefly  described  by  the 
writer.* 

The  skull,  will  be  described  in  a  later  communication.  The 
number  of  vertebrse  between  the  skull  and  sacrum  is  thirty, 
and  all  were  found  in  position.  There  are  nine  vertebrae  in 
the  sacrum,  thoroughly  coossitied  with  each  other.  The  anterior 
forty -five  vertebrae  oi  the  tail  were  found  in  position,  and  in 
good  preservation. 


*  This  Jouraal,  vol.  xliii,  p.  463.  May,  1892. 
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The  fore  limbs  are  unusually  small  in  comparison  with  the 
posterior,  and  the  relative  size  of  the  two  is  shown  on  Plate  11. 
The  scapular  arch  presents  many  points  of  interest.  The 
scapula  is  large,  and  so  much  curved  that  the  axis  of  its  shaft 
is  nearly  paraflel  to  the  articular  faces  of  its  lower  extremity, 
(Plate  II,  figure  1,  s).  On  the  anterior  margin,  above  the 
articulation  for  the  coracoid,  is  a  strong  protuberance,  with 
a  well-defined  facet,  adapted  to  the  support  of  the  clavicle,  if 
such  a  bone  were  present.  The  coracoid  is  very  small,  and  is 
perforated  by  a  large  foramen  (Plate  II,  figure  1,  c*).  The 
two  peculiar  bones  now  generally  regarded  as  belonging  to  the 
sternum  were  separate,  as  shown  in  Plate  III,  figure  1. 

The  humerus  is  comparatively  short,  and  has  a  prominent 
radial  crest.  The  radius  and  ulna  are  much  elongated,  the 
latter  being  longer  than  the  humerus,  and  the  radius  about  the 
same  length.  The  ulna  has  a  prominent  olecranon  process, 
and  is  a  stouter  bone  than  the  radius.  The  carpal  bones  were 
quite  short,  and  appear  to  have  been  only  imperfectly  ossified. 
The  fore  foot,  or  manus,  was  very  long,  and  contained  three 
functional  digits  only.  The  first  digit  was  rudimentary,  the 
second  and  third  were  nearly  equal  in  length,  the  fourth  was 
shorter  and  less  developed,  and  the  fifth  entirely  wanting,  as 
shown  in  Plate  II,  figure  1. 

In  the  functional  digits  (II,  III,  IV),  the  phalanges  are 
elongate,  thus  materially  lengthening  the  fore  foot.  The  ter- 
minal phalanges  of  these  digits  are  broad  and  flat,  showing 
that  they  were  covered  with  hoofs,  and  not  with  claws.  The 
limb  as  a  whole  was  thus  adapted  to  locomotion  or  support, 
and  not  at  all  for  prehension,  although  this  might  have  oeen 
expected  from  its  small  size  and  position. 

The  elongation  of  the  fore-arm  and  manus  is  a  peculiar 
feature,  especially  when  taken  in  connection  with  the  ungulate 
phalanges.  It  may,  perhaps,  be  explained  by  supposing  that 
the  animal  gradually  assumed  a  more  erect  position  until  it 
became  essentially  a  biped,  while  the  fore  limbs  retained  in  a 
measure  their  primitive  function,  and  did  not  become  prehen- 
sile, which  was  the  case  in  some  allied  forms. 

The  pelvis  is  shown  in  Plate  II,  figures  2  and  3,  and  has 
already  been  described  by  the  writer.  Its  most  notable  features 
are  seen  in  the  pubis  and  ischium,  the  former  having  a  very 
large  expanded  prepubis,  with  the  postpubis  rudimentary, 
while  the  shaft  of  the  ischium  is  greatly  elongated. 

The  femur  is  long,  and  the  shaft  nearly  straight.  The  great 
trochanter  is  well  developed,  while  the  third  trochanter  is  Targe 
and  near  the  middle  of  the  shaft,  as  shown  in  Plate  II,  figure 
2.  The  external  condyle  of  the  distal  end  is  projected  well 
backward,  indicating  great  freedom  of  motion  at  the  knee. 
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The  tibia  is  shorter  than  the  femur,  and  has  a  prominent 
cnemial  crest.  The  distal  end  is  much  flattened,  and  the 
astragalus  is  closely  adapted  to  it.  The  fibula  is  very  straight, 
with  its  lower  end  flattened  and  closely  applied  to  the  front  of 
the  tibia.  The  calcaneum  is  large,  with  its  concave  upper  sur- 
face closely  fitted  to  the  end  of  the  fibula.  Of  the  second  row 
of  tarsals,  only  a  single  one  appears  to  be  ossified,  and  that  is 
very  small  and  thin,  and  placed  between  the  calcaneum  and 
the  fourth  metatarsal,  nearly  or  quite  out  of  sight. 

The  hind  foot,  or  pes,  had  but  three  digits,  the  second,  third, 
and  fourth,  all  well  developed  and  massive.  The  terminal 
phalanges  were  covered  with  broad  hoofs.  The  first  and  fifth 
digits  were  entirely  wanting. 

A  comparison  of  the  limbs  and  feet  of  Claosaurxcs,  as  here 
described  and  figured,  with  those  of  three  allied  forms  from 
the  Jurassic,  JStegosaurus,  Laosauriis^  and  Camptosatirus,  as 
shown  on  Plates  IV  and  V,  is  especially  instructive.  These 
three  genera  have  already  been  quite  fully  described  and 
figured  by  the  writer,  but  new  points  of  interest  have  been 
made  out  by  the  recent  investigation  of  more  perfect  material. 
The  present  figures  will  show  more  accurately  some  of  the 
mutual  relations  of  these  early  herbivorous  Dinosaurs  to  each 
other,  as  well  as  to  their  successors  in  Cretaceous  time.  The 
gradual  changes  that  can  be  traced  from  one  to  the  other  will 
be  discussed  m  a  later  communication. 


PaUBOScincus,  Leidy,  1856. 

A  new  reptilian  genus  and  species,  Palceoscincus  costatus^ 
was  proposed  by  Dr.  Leidy  in  1856  for  a  single  tooth  found  by 
Dr.  Hayden  in  the  Judith  Basin.  This  tooth  was  more  fully 
described  and  figured  by  Leidy  in  1859.*  The  specimen 
showed  well-marked  characters,  and  many  similar  teeth  have 
since  been  found,  both  in  the  Judith  Basin  and  in  various 
other  localities  of  the  Laramie. 

A  smaller  species,  apparently  of  the  same  genus,  is  not 
uncommon  in  the  Ceratops  beds  of  Wyoming,  and  a  character- 
istic tooth  is  shown  on  Plate  III,  figure  3.  This  may  be  taken 
as  the  type  specimen,  and  the  species  it  represents  may  be 
called  PalcBoscincics  latus.  The  crown  of  tne  tooth  in  this 
species  is  broader  and  the  apex  more  pointed  than  in  the  first 
species  described,  and  this  is  clearly  shown  in  comparing  the 
present  figures  on  Plate  III  with  those  given  by  Leidy. 

•  Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  72,  1856;  and  Trans.  Amer.  Phil.  Soc., 
p.  146,  pi.  ix,  figs.  49-52,  1859. 
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The  tooth  from  the  Laramie  described  by  Cope  in  1882  as 
a  mammalian  premolar  and  as  the  type  of  the  generic  name 
Meniscoessus  evidently  belongs  to  the  above  or  an  allied  genus, 
and  all  three  are  unquestionably  the  teeth  of  Dinosaurian 
reptiles  pertaining  to  the  order  Stegbsauria.  On  Plate  IV, 
figure  1,  a  very  small  but  typical  tooth  of  Stegosaurus  from 
the  Jurassic  is  represented.  The  allied  genus  Diracodon^  also 
Jurassic,  has  similar  teeth. 

Auhlysodon^  Leidy,  1868. 

In  the  same  publications  above  cited,  Dr.  Leidy  also  described 
and  figured,  under  the  name  Deinodon^  a  number  of  teeth 
which  he  regarded  as  pertaining  to  carnivorous  Dinosaurs,  but 
later,  in  1868,  he  made  a  new  genus,  Aublysodon^  for  some  of 
these  teeth  which  differed  materially  in  form  from  those  known 
to  belong  to  such  Dinosaurs.*  The  teeth  regarded  by  Leidy 
as  characteristic  of  Avblysodon  are  represented  in  figures 
35-45,  Plate  IX,  of  the  Transactions  above  quoted,  and  the 
best  preserved  tooth  of  this  series,  which  Leidy  suspected  to 
be  an  incisor,  is  shown  in  figures  41-45.  The  latter  figures  are 
carefully  reproduced  on  Plate  III,  figure  4,  of  the  present 
article,  and  two  other  similar  teeth  are  represented  on  the 
same  plate.  They  all  have  the  same  characteristic  chisel- 
shaped  crowns,  covered  with  a  thin  coat  of  enamel,  and  show 
indications  of  wear. 

The-  teeth  referred  by  Leidy  to  the  genus  Avhlysodon  and 
many  others  of  the  same  general  character  since  discovered 
may  be  divided  into  the  four  following  groups,  all  the  speci- 
mens of  which  appear  to  be  somewhat  curved  either  to  the 
right  or  left : 

(1)  Large  teeth  (Leidy's  figures  37-40)  having  both  edges 
crenulated,  and  the  posterior  ridge  between  them  broad.  Tho 
wear  of  the  apex  is  apparently  posterior. 

(2)  Somewhat  smaller  teeth,  but  still  large,  one  of  which  is 
represented  in  Plate  III,  figure  5.  Faint  crenulations  may  be 
detected  on  the  edges.  The  wear  of  the  apex  is  on  front  and 
back,  and  also  on  the  side,  probably  the  outside.  The  posterior 
central  ridge  is  narrow.  Tnis  tooth  represents  a  distinct  species 
which  may  be  called  Aublysodon  ampins. 

(3)  Smaller  teeth  with  no  crenulations,  and  the  posterior 
ridge  with  a  groove  (Leidy's  figures  41-45).  The  wear  of  the 
apex  is  in  front.  These  may  be  regarded  as  typical  of 
Aublysodon  miranduSy  Leidy, 

(4)  The  most  abundant  teeth  are  much  smaller,  with  no 
crenulations,  and  the  posterior  ridge  sharp  and  not  grooved. 

*Proc.  Acad.  Nat.  Sci.  Philadelphia,  p.  19S,  186S. 
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The  wear  is  in  front  of  the  apex,  and  on  one  side,  Bometimes 
on  both  sides,  as  in  figure  6,  Plate  III.  This  tooth  may  be 
taken  as  the  type  of  a  new  species,  Auhlysodon  cristatus. 

The  fact  that  these  pecaiiar  teeth  are  apparently  in  pairs, 
and  are  in  themselves  more  like  the  teeth  of  mammals  than 
of  reptiles,  has  long  been  considered  by  the  writer  an  argu- 
ment for  the  mammalian  character  of  the  smaller  forms 
at  least.  The  large  crenulated  teeth  described  by  Leidy 
strongly  resemble  those  of  carnivorous  Dinosaurs,  as  he  con- 
sidered them,  but  no  Dinosaur  teeth  of  this  form  have  been 
found  in  position  in  the  jaws.  The  next  smaller  size,  with 
very  faint  crenulations,  one  of  which  is  figured  in  Plate  III, 
figure  5,  is  too  large  for  any  mammal  yet  known  from  the 
I^ramie,  and  this  is  true,  also,  of  those  %ured  by  Leidy. 

Many  of  the  smaller  teeth  of  this  type,  if  considered  apart 
from  the  others,  would  naturally  be  regarded  as  mammalian 
incisors,  especially  from  the  lower  jaw,  and  the  wear  of  the 
summits  would  in  itself  tend  to  strengthen  this  reference,  if 
some  of  these  teeth  alone  were  considered.  A  number  have 
been  found,  however,  that  show  wear  not  only  on  the  summit 
and  on  one  side  near  the  summit,  but  also  on  the  other  edge. 
This  would  imply,  if  ^these  teeth  are  really  lower  incisors, 
either  that  the  rami  of  the  lower *jaw  were  so  loosely  united  at 
the  symphysis  that  motion  between  them  was  possible,  so  that 
the  incisors  could  thus  rub  against  each  other,  or  that  these 
teeth  were  separated  so  as  to  admit  the  upper  opposing  teeth 
between  them. 

That  some  of  these  teeth  are  mammalian  incisors  there  can 
be  but  little  doubt,  and  this  doubt  can  only  be  removed 
entirely  by  the  fortunate  discovery  of  a  tooth  in  position  in 
the  jaw. 

Cimolopterj/x,  Marsh,  1889. 

The  only  bird  hitherto  known  from  the  Laramie  deposits  is 
Cimolopteryx  rarus^  the  type  specimen  of  which  is  represented 
on  Plate  III,  figure  2.  Another  species,  about  twice  the  size  of 
the  first,  is  indicated  by  various  remains^  among  them  the  cora- 
coid.  This  bone  lacks  the  strong  inner  process  near  the  pit  for 
the  scapula,  which  is  characteristic  of  the  smaller  form.  The 
present  species,  which  may  be  called  Cimolopteryx  retusus^  is 
also  from  Wyoming. 

The  new  Laramie  fossils  here  described  and  figured  were 
collected  by  Mr.  J.  B.  Hatcher  and  party,  in  the  Ceratops  beds 
of  Montana  and  Wyoming.  They  will  all  be  discussed  more 
fully  in  another  conamunication. 

New  Hayen,  Conn.,  July  18,  1892. 
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Explanation  of  Plates. 

Plate  II. 

Figure  1. — Left  fore  leg  of  Claosaurua  annectens,  Marsh;  outside  view,  e, 
coracoid;  h,  humerus;  r,  radius;  0,  scapula;  u^  ulna;  I.  first  digit; 
IV.  fourth  digit. 

PiGUBE  2.— Left  hind  leg  of  the  same  individual ;  outside  view,  a,  astragalus ;  c, 
calcaneum ;  /,  femur ;  f^  fibula ;  tT,  ilium ;  is,  ischium ;  p,  pubis ;  p', 
postpubis ;  t,  tibia.    Figures  1  and  2  are  one-twentieth  natural  size. 

FiouBE  3. — Pelvis  of  the  same  individual;  seen  from  the  left.  One-sixteenth 
natural  size,    a,  acetabulum ;  other  letters  as  in  figure  2. 

Plate  III. 
Figure  I.— Sternal  bone  of    Claosaurus  annectens.      One-eighth  natural  sise. 

a,  seen  from  above ;  &,  seen  from  below. 
Figure  2. — Left  coracoid  of  CimoU^teryx  rarus^  Marsh.    Natural  size,    a,  front 

view;  6,  inner  view;  c,  back  view;  d,  lower  end. 
Figure  3. — Tooth  of  Palaosdnctts  latus^  Marsh,    a,  natural  size;  6,  c,  (2,  twice 

natural  size. 
Figure  4.— Tooth  of  Aublysodon  mirandus^  Leidy.    Natural  size,    a,  front  view^ 

with  sections ;  6,  side  view.    (After  Leidj.) 
Figure  5. — Tooth  of  Aublysodon  ampltiSj  Marsh.    Natural  size,    a,  side  view ; 

6,  back  view ;  c,  front  view. 
Figure  6. — Tooth  of  Aublysodon  cristatusj  Marsh.    Twice  natural  size,    a,  side 

view ;  b,  back  view ;  c,  front  view. 

Plate  IV. 
Figure  1. — Tooth  of  Stegosaurus  ungulatus^  Marsh,    a,  natural  size;  fe,  c,  c{,  twice 

natural  size. 
Figure  2. — Left  fore  leg  of  the  same  species. 
Figure  3. — Left  hind  leg  of  the  same  species.    Figures  2  and  3  are  one-sixteenth 

natural  size.     Letters  as  in  Plate  II. 

Plate  V. 

Figure  1. — Left  hind  leg  of  Laosaurus  altus^  Marsh;  outside  view.  One-eighth 
natural  size. 

Figure  2. — Left  hind  leg  of  Camptosaurus  dispar.  Marsh ;  outside  view.  One- 
twelfth  natural  size. 

Figure  3. — Pelvis  of  the  same  individual;  seen  from  the  left.  One-twelfth 
natural  size.    Letters  as  in  the  preceding  plates. 
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Art.  XXV. — The  Oulf  of  Mexico  as  a  Meamtre  of  hostmy  ; 
by  w.  J.  McGee. 


The  now  venerable  James  Hall  was  one  of  the  first  geolo- 
gists to  observe  that  areas  of  rapid  deposition  are  areas  of 
sabsidence.  When  Powell  extended  his  early  surveys  into 
western  America  he  observed  the  converse  relation,  namely, 
that  areas  of  degradation  are  areas  of  elevation.  As  the  geo- 
detic surveys  of  Great  Britain,  India  and  the  European  conti- 
nent yielded  data  for  determining  the  distribution  of  density 
in  the  earth,  Pratt  and  afterward  Fisher  and  others  observed 
that  the  sea  bottoms  are  heavy,  the  continents  lighter,  the 
mountain  ranges  lightest  of  all.  Meantime  and  subsequentlv 
the  ori^nal  observations  were  repeated  and  extended  in  dif- 
ferent lands  until  the  observed  relations  were  found  to  be 
general ;  meantime  also  the  relation  of  coexistence  was  inferred 
to  be  one  of  sequence,  and  thus  it  came  to  be  recognized  that 
mountains  are  high  because  they  are  light,  that  sea  bottoms 
are  low  because  they  are  heavy,  that  areas  of  degradation  rise 
because  of  unloading,  and  that  areas  of  deposition  subside 
because  of  loading — i.  e.  it  came  to  be  recognized  that  the 
entire  terrestrial  crust  is  in  a  condition  analogous  to  that  of 
hydrostatic  equilibrium.  This  subiect  has  been  profoundly 
studied  by  Dutton,  who  invented  tne  term  isostasy  to  denote 
such  condition  of  static  balance  in  the  external  portion  of  the 
earth. 

Am.  JoiTR.  Sci.— Thibd  Ssbies,  Vol.  XLIV,  No,  261.— Sept.,  1892. 
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The  earlier  and  most  of  the  later  data  upon  which  the  doc- 
trine of  isostasy  depends  were  indirect^  i.  e.,  they  were  infer- 
ences from  the  characters  and  relations  of  formations  laid 
down,  or  terranes  lifted  and  degraded,  during  long  past  eons ; 
yet  there  is  no  dearth  of  direct  data — i.  e.,  data  derived  imme- 
diately fi'om  observation — sustaining  the  doctrine. 

One  class  of  such  data  is  found  in  the  relation  between 
tracts  of  deposition  and  earthquakes :  If  the  earthquakes  re- 
corded in  history  are  separated  into  three  categories  of  associa- 
tion, viz :  (1)  earthquakes  associated  with  volcanoes,  (2)  earth- 
quakes associated  with  hot  springs,  and  lines  or  zones  of  active 
orogeny,  and  (3)  great  earthquakes  apparently  not  connected 
with  vulcanisni  or  orogeny — it  will  be  found  that  the  greater 
part  of  the  third  category  have  affected  tracts  of  rapid  deposi- 
tion, and  commonly  that  after  the  tremor  the  land  stood  lower 
than  before.  Thus,  the  Charleston  earthquake  of  1886,  felt 
over  an  area  of  nearly  a  million  square  miles,  affected  the 
Atlantic  coastal  plain  of  the  United  States,  a  tract  of  remark- 
able simplicity  and  uniformity  of  movement  during  later 
geologic  times  yet  one  of  rapid  and  long  continued  deposition ; 
tne  New  Madrid  earthquake  of  1811-18,  felt  over  an  area  of 
certainly  a  million  and  a  half  square  miles  in  central  and 
eastern  United  States,  affected  a  tract  of  exceptionally  gentle 
movement  and  uniform  geologic  history,  though  the  unloading 
ground  of  the  great  river  of  the  continent,  and  the  land  was 
spasmodically  depressed  over  thousands  of  square  miles ;  the 
great  Lisbon  earthquake  of  1755  originated  in  and  affected 
most  disastrously  the  tract  upon  which  the  Tagus  drops  the 
detritus  gathered  from  a  sixtn  part  of  the  Iberian  peninsula ; 
the  Kach  earthquakes  of  1819  and  later  dates  devastated  the 
delta  of  the  mountain-born  Indus  and  left  the  land  some  feet 
or  yards  lower  than  before,  thus  extending  the  vast  watery 
waste  known  as  the  Rann  of  Kach  ;  the  Cachar  earthquake  of 
1869  similarly  affected  the  deposition-tract  of  the  powerful 
Ganges  and  Brahma-putra ;  the  deposition-tract  of  the  mud- 
stained  Hwang-ho  and  the  torrential  Yang-tse-Kiang  are  notori- 
ously earthquake  ridden — in  short,  nearly  all  if  not  all  of  the 
extensive  non-volcanic  earthquakes  recorded  in  history  cen- 
tered in  tracts  of  rapid  deposition.  In  some  cases  the  data 
derived  from  this  relation  are  equivocal ;  yet  they  are  some- 
times apparently  trustworthy. 

A  second  class  of  direct  data  sustaining  the  doctrine  of 
isostasy  is  found  in  the  relation  between  tracts  of  deposition 
and  nieasured  subsidence  of  the  land  or  encroachment  of  the 
waters.  If  the  tracts  of  rapid  deposition  are  separated  into 
three  categories  of  association,  viz  :  (1)  deposition  tracts  within 
or  near  the  areas  of  Pleistocene  glaciation,  (2)  deposition  tracts 
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in  or  near  zones  of  active  vulcanisra  or  orogeny,  and  (3)  depo- 
sition tracts  in  generally  stable  regions  far  removed  from 
Pleistocene  glaciation,  vulcanism  and  orogeny — it  will  be  found 
that  the  greater  part  of  the  third  category  are  also  tracts  of 
rapid  subsidence  or  of  rapid  encroachment  of  the  waters.  The 
data  derived  from  this  relation,  which  also  are  sometimes 
equivocal  though  often  unmistakable,  are  of  two  kinds,  which 
may  be  called  respectively  quantitative  and  qualitative;  the 
first  being  actual  measures,  and  the  second  inferences  from 
analogous  measured  examples  and  from  known  geologic  pro- 
cesses. 

A  good  example  of  the  first  of  these  kinds  of  data  is  the 
southeastern  shore  of  ISTorth  sea,  which  is  burdened  beneath 
detritus  dropped  from  the  Rhine,  Maas  and  Scheldt,  the  Weser 
and  the  Elbe,  and  which  has  been  sinking  since  the  beginning 
of  local  history ;  the  island  of  Batavia,  inhabited  in  the  days 
of  Tacitus  is  drowned ;  Zuydee  Zee  was  formed  by  an  inva- 
sion of  the  waters  about  the  end  of  the  13th  century  ;  again 
and  again  towns  and  villages  have  been  inundated  and  swept 
from  the  face  of  the  earth  ;  broad  slices  of  ill-fated  Heligo- 
land are  annually  devoured  by  the  sea ;  the  Netherland  polders 
(or  dike-protected  lands)  are  maintained  by  artificial  embank- 
ments which  require  raising  from  generation  to  generation 
until  now  cultivated  fields  lie  7  to  10  meters  below  tide  level ; 
and  the  artificial  embankments  could  not  withstand  the  force 
of  the  waves  were  they  not  themselves  protected  by  much 
larger  natural  embankments  called  dunes  (analogues  of  the 
*'  keys "  of  the  American  coast).  The  measured  rate  of  sink- 
ing along  the  Netherland  coast  ranges  from  0*09  meter  to 
0-75  meter  per  century ;  since  1732  the  mean  rate,  according 
to  Girard,  has  been  about  0  26  meter  per  century.*  The  rate 
of  sea  encroachment  on  the  lowlands  cannot  accurately  be 
determined,  by  reason  of  the  artificial  intervention  which  per- 
mits cultivation  of  lands  lying  far  below  tide  level ;  the  rate 
of  encroachment  on  the  higher  lands  is  measured  by  the 
destruction  of  Heligoland,  which  was  190  or  200  kilometers  in 
circuit  in  the  year  800,  72  kilometers  in  1300,  onlv  6-5  kilo- 
meters in  1649,t  and  is  decimated  annually.  Another  exam- 
ple is  the  tract  centering  about  New  York  bay  though 
extending  from  Long  Island  sound  to  Chesapeake  bay,  into 
which  is  poured  nearly  all  the  sediment  gathered  from  a  many 
times  larger  semi-ellipse  in  eastern  United  States,  and  in  which 
also  the  sinking  is  known  to  be  rapid.  According  to  the  con- 
servative estimates  of  the  late  Dr.  George  H.  Cook,  the  direct 
subsidence  reaches  and  probably  exceeds  two  feet  per  century. 

*  Recherches  sur  Vlnstabilit^  des  Oontiuents,  ]  886,  p.  168. 
t  Ibid,  p.  31. 
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The  encroachment  of  the  bays  and  of  the  adjacent  Atlantic 
is  proportionately  rapid ;  within  the  last  fifty  years  it  has 
reached  half  a  mile  in  some  localities,  averaging  a  furlong  or 
more,  and  has  destroyed  property  amounting  to  millions  of 
dollars.  Both  of  these  deposition  tracts  lie  near  and  possibly 
within  the  influence  of  Pleistocene  glaciation ;  yet  they  are 
especially  significant  in  that  the  quantitative  data  derived  from 
them  are  connected  with  and  give  value  to  data  of  the  qualita- 
tive kind. 

Through  the  association  of  the  two  kinds  of  data  on  the 
Netherland  and  New  Jersey  coasts,  as  well  as  through  infer- 
ence from  geologic  process,  it  is  found  that  the  most  trust- 
worthy physiographic  indications  of  subsidence  are:  (1)  en- 
croachment of  tne  sea ;  (2)  wave-built  breakwaters  alon^ 
lowland  coasts  (the  "dunes"  of  Holland,  the  *'keys"  of 
America);  (3)  precipitous  and  talus-free  or  undercut  cliflFs 
along  highland  coasts ;  (4)  estuaries  at  the  mouths  of  sediment- 
beanng  rivers  ;  and  (5)  natural  levees  along  the  lower  courses 
of  rivers,  leaving  low-lying  and  periodically  fiooded  marshes  or 
salines  on  either  hand.  These  physiographic  indications 
express  rates,  though  only  in  a  qualitative  way :  Thus,  the  rate 
of  encroachment  is  a  function  of  the  subsidence,  but  is  affected 
by  the  seaward  inclination,  by  the  obduracy  of  the  terrane,  by 
the  force  of  the  waves  and  currents,  etc.  The  building  of 
natural  breakwaters  is  characteristic  only  of  coasts  skirted  by 
submerged  terraces  or  shelves ;  for  when  coasts  are  so  condi- 
tioned the  waves  come  in  with  ever  increasing  impetus  over  the 
subsiding  sea  bottom,  constantly  casting  up  sand  to  strengthen 
the  barrier,  and  if  the  contiguous  land  is  low  a  lagoon  or 
"  sound "  is  formed  behind  the  barrier  and  widens  more  rap- 
idly than  the  barrier,  is  driven  inland  until  both  are  finally 
overflowed  and  converted  into  open  sea,  when  the  process  is 
repeated  on  new-made  shores ;  and  thus  in  a  general  way  the 
strength  of  wave-built  breakwaters  and  the  width  of  the 
lagoons  separating  them  from  the  mainland  give  rude  measures 
of  subsidence.  Talus-free  cliflEs  are  indeed  an  indication  of  the 
ever  increasing  force  of  the  waves  on  subsiding  coasts ;  yet, 
while  the  cliff  configuration  of  subsiding  tracts  like  Chesapeake 
bay  and  of  rising  tracts  like  Puget  sound  are  markedly  dis- 
tinct, so  many  otlier  conditions  affect  sea-washed  rock  faces 
that  they  are  useful  only  in  exceptional  cases.  Again,  estu- 
aries may  be  inherited  from  earlier  eons,  and  at  the  best  only 
indicate  that  subsidence  outruns  sedimentation,  thus  giving 
minimum  rather  than  mean  measures  of  movement  Lev6e- 
building,  on  the  other  hand,  may  represent  merely  diminution 
in  declivity  resulting  from  the  pushing  out  of  deltas,  and  on 
the  whole  tends  to  give  excessive  or  at  most  maximum  meas- 
ures of  subsidence. 
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The  qualitative  kind  of  direct  data  are  well  exemplified  at 
the  bead  of  the  Bay  of  Bengal  with  the  adjacent  Sanderbands, 
the  depositing  ground  of  two  of  the  most  potent  rivers  of  the 
globe  (Ganges  and  Brahmaputra),  where  the  rate  of  subsidence 
— shown  by  the  Indian  geologists  to  have  reached  over  400 
feet  in  recent  geologic  times — has  not  been  measured,  yet  is 
proved  to  be  rapid  by  the  coastal  configuration,  by  the  estuaries 
through  which  the  rivers  embouch,  and  by  the  immense  natu- 
ral levees  flanking  the  rivers  and  their  distributaries  and 
bounding  broad  intervening  flats,  or  "jhils";  they  are  exem- 
plified again  at  the  mouths  of  the  Amazon  and  la  ^lata,  which 
together  carry  the  degradation  products  of  the  greater  part  of 
the  South  American  continent,  and  which  embouch  into  vast 
estuaries  after  dividing  into  networks  of  levee-flanked  dis- 
tributaries insulating  extensive  marshes ;  they  are  exemplified 
also  about  the  mouth  of  the  Indus,  once  supposed  to  be  an 
area  of  uplift  but  now  known  to  be  subsiding,  where  the 
larger  distributaries  are  estuarine  and  where  the  interstream 
flats  are  vast  salines  annually  flooded  and  silt-mantled  by  fresh 
waters,  yet  always  so  delicately  adjusted  to  tide  level  as  to  be 
flooded  and  salt-mantled  by  sea  waters  during  each  annual 
monsoon ;  they  are  apparently  well  exemplified  again  about 
the  northern  end  of  Caspian  sea  and  in  the  delta  plains  of  the 
Volga  and  Ural,  as  well  as  about  Aral  sea  and  in  the  broader 
delta  plains  of  its  far-reaching  aflluents;  they  are  exemplified 
also  on  the  northern  and  western  shores  of  Black  sea,  and  still 
more  notably  about  the  Sea  of  Azof,  which  together  receive 
the  drainage  of  a  third  of  Europe  ;  they  are  exemplified,  par- 
ticularly the  estuaries  and  anastomosing  levee-flanked  distribu- 
taries, on  the  western  shore  of  Hwang-hai  (China  sea  or  Yellow 
sea)  about  the  mouths  of  the  muddy  rivers  draining  the 
eastern  Himalayas  and  the  loess-mantled  plateaus  of  eastern 
Thibet  and  western  China;  they  are  strikingly  exemplified  at 
the  northwestern  extremity  of  Adriatic  sea  about  the  mouth 
of  the  levee-lifted  Po,  perhaps  the  most  energetic  river  of  the 
world  in  proportion  to  its  size  ;  and  they  are  exemplified  more 
notably  than  elsewhere  on  the  globe  about  the  shores  of  the 
Gulf  of  Mexico,  the  depositing  ground  of  rivers  degrading  a 
fourth  of  the  North  American  continent.  These  and  other 
notable  examples  are  summarized  in  the  accompanying  table, 
which  is  graphically  depicted  in  figure  1  (p.  183). 

On  reviewing  these  examples  yielding  direct  yet  only  quali- 
tative data  concerning  the  relation  between  deposition  and 
subsidence,  it  appears  that  the  data  are  of  unlike  value :  The 
most  extensive  degradation  tract  on  the  globe  is  that  of  the 
Amazon,  but  the  Amazonian  detritus  is  partly  spread  over  a 
vast  flood  plain  lying  at  base-level,  partly  dropped  in  an  exten- 
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give  estuary,  and  partly  cast  into  the  sea  to  be  widely  distrib- 
uted by  exceptionally  powerful  oceanic  currents ;  and,  more- 
over, this  vast  river  is  comparatively  little  affected  by  seasonal 
freshets  such  as  multiply  the  efficiency  of  extra  tropical  streams. 


Principal  Degradation  Tracts  of    the  World  (exclusive  of   Africa,    Australia 
Northern  Lands)  with  the  Correlative  Deposition  Tracts. 


and 


Degradation  Tracts. 
Rivers.  Areas. 


Deposition  Tracts.  i>.ha 

Water  Bodies.  Approximate  Areas.     "■""• 


1     Amazon 2,010,000*    Atlantic ? ?.. 

^jurOrS,   eial\ l,804,737t  I  Gulf  of  Meiico.(N.  half)  27V692t      6*:  I 

^  i  H^^^'oK^^^^^^^^^^  }  -M^^'OOO*  ■  Hwang.hai..  ..(W.  pt.) T  200,000§      7*: 


La  Plata 1,175,000* 

Danube 312,000 

Don 225,000 

Dnieper 225,000 

Dniester 30,000 

Other  rivers . . .  200,000 

Volga 630,000  \ 

I  Ural   110,000  f 

Syr  Daria   316,000  } 

A*mu  Daria 260,000  V 

Ganges  / 

I  Brahmaputra 


Atlantic  ? ?. 


992,000-     jBl-J^ -a  J 

I 
640,000*  i  Caspian (N.  half)  90,000| 

576,000*    Aral 24,000Tf 


^iSrThm'aputra    [  ^^^'^^O*    Bay  of  Beugal  (N.  part)  ?  100,000§ 

9     Indus 415,000*    Arabian  gulf  ..(R.  part)  ?  80,000§ 

10    St.  Lawrence 395,000*    Gulf  of  St.  Lawrence  . .  ?50,000§ 

{Rhine 87,000^                      ! 
w^ev::::::::  'ZZ\  no,ooo»  xorth sea n6,ooo§ 
Other  rivers  . . .   10,000  J 
f  Connecticut                 ") 


172,500|      5f:l 


7:  I 

24:1 

51:1 
5:1 
8:  1 

lli:l 


,„]  Hudson 
I  Delaware 
[^  Susquehanna,   et  al 


'LoDg  Island  sound 
New  York  bay 
83.000f    -{  Raritan  bay 
I  Delaware  bay 
Chesapeake  bay,  et  al. } 


^?5,000+    16i:l 


lHIdige.-Vra£:  wf--  ■    ^<>.000*    Adriatic: (N.  part)  ?  7,000§ 


10:  1 


The  Becond  degradation  area  in  extent  is  that  of  the  Mississippi, 
the  Rio  Grande,  and  their  weaker  neighbors,  whose  deposits 
not  only  fall  into  the  nearly  enclosed  Gulf  of  Mexico  bat,  by 
reason  of  the  prevailing  currents,  are  confined  to  its  northern 
fraction.  A  portion  of  this  degradation  area  is  indeed  sub- 
arid  and  only  a  small  portion  is  mountainous ;  yet  in  general 
degradation  is  rapid — toward  the  Rocky  Mountains  because  of 

*  Reduced  to  statute  miles  from  A.  Keith  Johnson's  "  Physical  Atlas  of  Natural 
Phenomena/'  1856,  pis.  16,  17. 

f  Computed  by  means  of  the  planimeter  from  the  United  States  Geological  Sur- 
vey "  9-8heet"  base  map  of  the  United  States,  by  John  B.  Torbert. 

1  Computed  by  John  B.  Torbert. 

§  Estimated. 

JJEncycIopedia  Brittanica,  9th  edition. 

1  Appleton's  American  Encyclopedia. 
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high  declivity, 
over  the  Plains 
by  reason  of 
late  Tertiary 
elevation,  i  n 
the  northern 
Interior  be- 
cause of  the 
easily  eroded 
late  Pleisto- 
cene drift,  in 
the  Cumber- 
1  a  n  d  plateau 
and  the  west- 
em  Appalach- 
ians by  reason 
of  a  late 
Tertiary  eleva- 
tion to  which 
the  streanQS  are 
not  yet  adjust- 
ed, in  nearly 
a  1 1  parts  b  y 
reason  of 
seasonal  storms 
or  vernal  snow- 
raelting ;  i  n  - 
deed  by  far  the 
greater  part  of 
the  area  stands 
so  high  aboye 
base- level  that 
the  activity  of 
degradation  is 
fairly  compar- 
able with  that 
of  the  other 
great  tracts  of 
the  globe.  In 
the  third  degra- 
dation tract  in 
extent  (that  of 
the  Hwang-ho 
and  Yang-tse- 
Kiang)  unload- 
ing is  unques- 
tionably     pro- 
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ceeding  rapidly,  but  the  correlative  area  of  loading  is  so  ill-de- 
fined as  hardly  to  be  susceptible  of  estimate  ;  while  in  the  fourth 
area  (that  of  la  Plata),  where  degradation  is  probably  more  slug- 
gish, the  deposition  area  is  still  more  indefinite.  The  fifth  in  ex- 
tent of  the  degradation  tracts  concentrates  its  detritus  in  the  well 
defined  area  of  Black  and  Azof  seas ;  yet  so  little  is  known  of  the 
coastal  configuration  of  these  seas  and  of  the  possible  influence 
of  Pleistocene  glaciation  and  contiguous  orogeny  that  the  data 
afforded  by  this  example  are  of  little  service.  The  deposits  of 
the  sixth  degradation  tract  are  in  like  manner  concentrated 
upon  a  limited  area  which  mav  be  assumed  to  equal  the  north- 
ern half  of  Caspian  sea,  and  m  the  seventh  tract  the  concen- 
tration is  still  greater,  the  degradation  tract  tributary  to  the 
Aral  being  no  less  than  twenty-four  times  that  of  deposition ; 
but  both  examples  are  enclosed  basins  in  which  the  record  of 
isostatic  subsidence  is  complicated  by  the  direct  displacement 
of  the  water  and  also  by  the  variations  in  water-volume  depend- 
ing on  climatal  conditions,  and  accordingly  the  data  in  these 
cases  are  unworthy  of  trust.  •  The  eighth  degradation  tract 
(Ganges  and  Brahmaputra)  is  especially  noteworthy  by  reason 
of  the  activity  of  the  rivers  ana  the  vast  volume  of  detritus 
annually  discharged ;  but  the  correlative  deposition  area  is  so 
ill  defined  that,  apart  from  the  incomplete  measurements  of  the 
Indian  survey,  the  relative  value  of  the  data  afforded  by  this 
example  is  not  easily  ascertained ;  and  this  is  true  in  still 
stronger  measure  of  the  ninth  tract,  or  that  of  the  notably 
active  Indus.  The  tenth  degradation  tract  in  extent  (St. 
Lawrence)  is  useless  as  a  measure  of  isostatic  subsidence,  (1) 
because  it  is  wholly  within  the  area  of  Pleistocene  glacia- 
tion, (2)  because  the  correlative  deposition  tract  is  ill-defined, 
and  (3)  because  its  course  is  interrupted  by  several  settling 
basins.  The  eleventh  tract  (that  of  the  Rhine  and  its  neigh- 
bors) is  one  of  activity  in  both  degradation  and  deposition,  and 
one  moreover  in  which  the  combined  effect  of  tides  and  cur- 
rents probably  tends  to  confine  deposition  to  the  comparatively 
narrow  zone  along  which  subsidence  is  best  marked,  if  not 
chiefly  to  Zuyder  Zee  and  the  riparian  estuaries ;  yet  it  is  possible 
if  not  probable  that  this  area  is  within  the  influence  of  Pleis- 
tocene glaciation,  and  hence  of  an  extraneous  disturbance  of 
equilibrium  not  yet  completely  restored.  The  twelfth  tract, 
too  (New  York  and  neighboring  bays),  lies  partly  within  the  area 
of  glaciation,  and  is  moreover  afiected  by  a  modern  displacement; 
but  it  acquires  value  from  the  connection  with  rude  yet  useful 
rate  measurements.  The  smallest  of  the  degradation  tracts  (that 
of  the  Po,  the  Adige ,  the  Piave,  and  several  smaller  streams, 
all  of  great  activity),  concentrates  its  products  in  a  presumptively 
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limited  portion  of  Adriatic  Sea ;  yet  the  value  of  this  example  is 
diminished  by  reason  of  the  vulcanism  and  orogeny  of  contigu- 
008  territory.  For  sitnilar  reasons  and  because  of  its  irregularity 
of  outline  and  inequality  of  loading  in  diflEerent  parts,  the 
Mediterranean  may  be  excluded  from  the  list  of  noteworthy 
deposition  tracts  of  the  globe.  The  African  and  Australian 
degradation  tracts  may  also  be  neglected,  partly  because  the 
areas  are  ill  determined,  partly  because  deposition  is  seldom 
concentrated  in  measureable  tracts. 

Weighing  the  various  considerations  affecting  the  value  of 
the  data  yielded  by  each  of  the  tabulated  deposition  tracts, 
they  appear  to  fall  into  the  following  order :  (1)  Gulf  of  Mex- 
ico, (2)  Korth  sea,  (3)  New  York  bay,  (4)  Bay  of  Bengal,  (5) 
Adriatic  sea,  (6)  Hwang-hai,  (7)  Black  and  Azof  seas,  (8)  Ara- 
bian Gulf,  (9)  the  Amazon  estuary,  (10)  la  Plata  estuary,  (11) 
Caspian  sea,  (12)  the  Aral,  and  (13)  Gulf  of  St.  Lawrence. 
On  reviewing  the  data  yielded  by  the  several  examples  in 
view  of  this  weighing,  in  view  of  the  ratios  between  areas  of 
degradation  and  areas  of  deposition,  and  in  view  of  the  relative 
activity  of  the  several  rivers,  the  influence  of  tides  and  cur- 
rents, etc,  it  appears  that  all  are  consistent — that  every  con- 
siderable deposition  tract  beyond  the  reach  of  Pleistocene 
glaciation,  vulcanism,  and  orogeny  is  subsiding;  that,  other 
Uiings  equal  and  so  far  as  the  data  are  available  and  trust- 
worthy, the  rate  of  subsidence  is  proportional  to  the  relative 
areas  of  degradation  and  deposition ;  and  that,  other  things 
equal  and  so  far  as  the  data  are  available  and  trustworthy,  the 
subsidence  is  proportional  to  the  activity  of  the  rivers  in  the 
correlative  degradation  tracts. 

So  the  indirect  data  concerning  isostasy,  derived  through 
inferences  from  formations  deposited  or  terranes  degraded 
during  long  past  eons,  are  supplemented  by  a  trustworthy 
body  of  direct  data  derived  from  the  physiography  of  the 
earth  in  its  present  condition ;  and  the  direct  data  are  superior 
to  most*  of  the  indirect  in  that  they  are  susceptible  of  relative, 
and  in  some  cases  absolute,  evaluation. 

11. 

Even  on  casual  inspection  it  is  apparent  that  the  Gulf  of 
Mexico  is  one  of  the  most  fortunately  situated  deposition  tracts 
of  the  globe  for  the  measurement  of  isostatic  subsidence ;  for 
it  is  a  land-rimmed  basin  of  considerable  area,  connected  with 
open  sea  through  relatively  narrow  straits,  and  fed  by  drainage 

*  In  one  case  the  indirect  data  have  been  evaluated.  This  is  Gilbert's  classic 
study  of  the  strength  of  the  earth's  crust  as  indicated  by  the  deformed  shore  lines 
of  the  extinct  Lake  Bonneville  (Bull.  Geo).  Soc.  Am.,  vol.  i,  1889.  pp.  23-27; 
Monograph  I,  U.  S.  Geo).  Survey,  ''Lake  Bonneville,"  1890,  p.  387,  et  seq.). 
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from  a  many  tiroes  larger  degradation  tract  (figure  2).  On 
closer  inspection  the  first  impression  is  strengthened :  The 
northern  half  of  the  Gulf  with  the  adjacent  lands  (of  which 
alone  the  geologic  history  has  been  clearly  read)  is  a  province 
of  simple  structure,  of  limited  and  uniform  continental  move- 
ments since  the  middle  Cretaceous;  furthermore,  it  is  this 
northern  half  of  the  Gulf  which  receives  the  drainage  from 
the  second  largest  degradation  tract  of  the  globe  ;  moreover, 
one  of  the  strongest  oceanic  currents  of  the  globe — the  main 
Atlantic  equatorial  current — enters  the  Gulf  through  Yucatan 

2. 


channel  and  sweeps  through  the  basin  in  such  fashion  as  to  con- 
centrate the  sediments  upon  a  narrow  zone  skirting  the  northern 
border  of  the  basin ;  and  finally  the  influence  of  sedimentation 
is  not  confined  to  a  single  delta  but  is  so  distributed  that  the 
rate  of  deposition  is  variable  in  diiferent  parts  of  the  littoral 
zone,  though  in  simple  and  easily  ascertained  fashion. 

Unfortunately  the  Gulf  coast  has  only  recently  been  sur- 
veyed with  precision,  and  the  surveys  have  not  yet  been  i-e- 
peated  in  such  manner  as  to  give  quantitatively  exact  meas- 
urements  of   land-subsidence   or  sea-encroachment;    but  the 
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physiographic  indications  of  land-subsidence  are  numerous^ 
consistent,  and  unmistakeable.  Thus,  island  after  island  along 
the  Louisiana  coast  has  been  submerged  bodily  or  devoured  by 
dices,  and  many  historic  plantations  on  the  shores  of  Missis- 
sippi sound  and  the  open  Gulf  have  melted  into  the  waters 
within  the  present  century ;  thus,  too,  the  coasts  (with  one  or 
two  most  significant  exceptions)  are  skirted  by  wave-built 
breakwaters  separated  from  the  mainland  by  long  narrow  bays 
(the  "keys"  and  '* sounds"  of  the  vernacular). from  the  Rio 
Grande  to  Florida  strait ;  again,  wherever  the  generally  low 
ooastward  lands  rise  a  dozen  feet  or  yards  above  tide,  they  are 
carved  into  precipitous  talus-free  dim ;  half  of  the  rivers,  too, 
albeit  heavily  detritus-charged,  embouch  into  estuaries;  and, 
moreover,  each  principal  river,  whether  estuarine  or  delta- 
building  toward  its  mouth,  divides  into  distributaries  (or 
"  bayous  ")  in  its  lower  reaches,  and  the  anastomosing  channels 
are  flanked  by  natural  levies  separating  periodically-inundated 
flats,  which  are  lakes,  marshes,  salines,  or  *'  black  prairies "  ac- 
cording to  local  conditions.  In  addition  to  these  physiographic 
data  tfiere  are  found  buried  forests,  old  causeways  now  over- 
flowed at  low  tide,  aboriginal  shell  heaps  nearly  or  quite  sub- 
merged, savanna  pine  forests  once  Inxuriant  but  now  poisoned 
by  salt  water,  and  various  other  indications  of  changmg  rela- 
tion between  land  and  sea ;  and  it  is  to  be  observed  tliat  while 
these  indications  vary  in  strength  they  are  all  consistent  in 
direction — all  point  to  subsiding  land,  none  point  to  rising  or 
even  stationary  land. 

On  comparing  the  physiographic  data  about  the  shores  of 
the  Gulf  with  the  like  data  yielded  by  measured  examples  of 
New  Jersey  and  the  Netlierlands,  it  would  appear,  (1)  that  the 
average  rate  of  sea-encronchment  about  the  Gulf  is  nearly  or 
quite  as  high  as  on  the  New  Jersey  coast  and  higher  than  on 
tne  Nethenand  coast,  at  least  since  the  building  of  the  dikes; 
(2)  that  on  the  average  the  wave-built  breakwaters  are  higher 
and  more  distant  from  the  mainland  than  in  New  Jersey,  and 
more  extensive  than,  though  scarcely  so  high  and  distant  as  in 
the  Netherlands;  (3)  that  the  talus-free  cliflFs  are  even  more 
characteristic  than  in  New  Jersey  or  (probably)  the  Nether- 
lands ;  (4)  that  on  the  average  the  estuaries  are  nearly  as  broad 
and  deep  as  in  New  Jersey  and  more  extensive  thnn  in  Hol- 
land; and  (5)  that  the  natural  levees  are  relatively  higher  and 
broader  than  in  New  Jersey  and,  so  far  as  comparison  is  possi- 
ble, about  as  high  and  broad  as  in  the  Netherlands.  The  value 
of  the  physiographic  indications  of  subsidence  of  course  de- 
pends largely  on  a  number  of  local  and  general  conditions,  such 
as  volumes  of  rivers,  height  of  tides,  strength  of  oceanic  cur- 
rents, direction  of  prevailing  winds,  the  material,  height,  and 
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general  configuration  of  shoreB,  the  breadth  and  depth  of  the 
water-body  in  which  the  waves  are  generated,  etc. ;  yet  howso- 
ever these  conditions  affecting  the  comparison  are  weighed,  the 
Gulf  phenomena  appear  to  record  an  average  subsidence  fully 
as  rapid  as  that  of  the  Netherlands  or  New  Jersey;  or  (the 
vertical  movement  in  the  carefully  measured  case  amounting 
to  0-26  meter  and  in  the  more  roughly  measured  example 
reaching  two  feet  per  century)  of  at  least  a  foot  in  a  hundred 
years. 

On  comparing  this  value  with  the  rates  of  degradation  and 
correlative  deposition,  a  relation  is  obtained  which,  although 
lacking  in  precision,  is  nevertheless  useful :  The  area  of  deg- 
radation is  1,800,000  square  miles ;  the  maximum  assignable 
area  of  deposition  is  less  than  300,000  square  miles,  and  since 
the  direction  and  force  of  currents  and  the  configuration  of  the 
Gulf  bottom  alike  indicate  that  appreciable  sedimentation 
must  be  confined  to  a  relatively  narrow  zone  skirting  the  coast, 
it  may  be  placed  at  a  third  of  that  area  or  100,000  square 
miles,  which  is  one-eighteenth  that  of  degradation.  Now,  the 
commonly  accepted  rate  of  degradation  of  the  earth's  surface, 
based  on  the  surveys  of  the  Mississippi  by  Humphreys  and 
Abbot,  is  a  foot  in  6000  years ;  and  this  corresponds  to  deposi- 
tion within  the  Gulf  reaching  one  foot  in  333  years.  So  it 
would  appear  that  the  average  rate  of  subsidence  deduced  from 
comparisons  with  New  Jersey  and  the  Netherlands  is  three 
times  higher  than  would  be  required  for  isostatic  adjustment ; 
and  although  the  various  factors  are  so  uncertain  (probably 
Humphrey's  and  Abbot's  value  and  the  deduced  rate  of  sub- 
sidence are  too  low  and  the  assumed  deposition  area  too  high) 
that  the  e&timate  is  subject  to  a  "  probable  error "  perhaps 
large  enough  to  explain  the  discrepancy,  the  discrepancy  never- 
theless suggests  that  a  part  of  the  subsidence  may  be  due  to 
some  other  cause.  This  suggestion  derives  strength  from  the 
indications  of  general  subsidence  along  the  contiguous  Atlantic 
coast  of  the  United  States. 

On  comparing  the  local  physiographic  indications  of  subsi- 
dence at  various  points  on  the  Gulf  coast,  a  noteworthy  diver- 
sity is  found.  Thus,  the  most  decisive  historical  records  of  en- 
croachment come  from  the  Louisiana  and  Mississippi  coasts,  and 
there,  too,  talus-free  cliffs  are  most  characteristic.  Again  the 
strength  of  keys  and  the  width  of  sounds  varies  widely ;  along 
the  Florida  coast,  despite  the  long  sweep  of  storm  winds  and 
trades,  the  keys  are  weak,  the  sounds  narrow  and  shoal ;  toward 
the  Appalachicola  and  Mobile  bay  the  keys  strengthen  and  the 
sounds  widen,  save  where  dammed  by  deltas ;  west  of  Mobile 
bay  the  keys  are  huge  but  half  submerged  banks  rising  in  a 
line  of  islands  separated  from  the  mainland  by  the  broad  Mis- 
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sissippi  sound  ;  west  of  the  great  delta  the  corresponding  keys 
are  completely  submerged  and  reduced  to  a  series  of  banks  and 
shoals  separated  from  the  mainland  by  a  trough  even  broader 
than  Mississippi  sound,  and  new  keys  and  sounds  are  forming 
aTong  the  present  coast ;  southwest  of  Galveston  bay  the  keys 
are  of  unparalleled  strength  and  continuity,  while  the  sounds  are 
broad  and  scores  or  even  hundreds  of  miles  in  length.  More- 
over, some  rivers  are  estuarine  while  others  are  delta-builders, 
and  this  difference  in  habit  is  evidently  independent  in  large 
measure  of  stream- volume  and  of  sediment.  Yet  on  careful  ex- 
amination, the  apparent  discordance  falls  into  harmony :  The 
strength  of  keys  and  width  of  sounds  is  least  in  the  eastern 
part  of  the  embayment  where  the  sediment-bearing  rivers  are 
relatively  short  and  feeble,  greater  in  the  northwest  where  the 
rivers  are  longer  and  more  potent,  and  greatest  about  the  de- 
positing ground  of  the  chief  river  of  the  continent.  So,  too, 
all  the  large  rivers  of  the  western  and  eastern  coasts  are  delta- 
builders  ;  while  all  of  the  extra-Mississippi  streams  within  a 
hundred  or  a  hundred  and  fifty  miles  of  the  great  river  (and 
presumptively  within  reach  of  fts  isostatic  influence)  embouche 
into  estuaries.*  This  harmony  is  suggestive,  if  not  precisely 
indicative,  of  a  quantitative  relation  between  local  deposition 
and  local  subsidence. 

Summarily,  the  Gulf  of  Mexico,  considered  as  a  unit,  is  one 
of  the  most  fortunately  situated  deposition-tracts  of  the  world 
for  yielding  a  measure  of  isostatic  subsidence;  considered 
again  as  a  unit,  its  shores  appear  to  be  subsiding  quite  as 
rapidly  as  isostasy  demands ;  and  considered  as  an  assemblage 
of  deposition  subtracts,  the  varying  rates  of  subsidence  appear 
to  be  delicately  adjusted  to  the  local  rates  of  deposition. 

So  the  data  relating  to  the  condition  of  the  earth's  crust 
derived  from  the  modern  Gulf  of  Mexico  indicate  that  through- 
out the  vast  geologic  province  of  southeastern  North  America, 
isostasy  is  probably  perfect,  i.  e.,  that  land  and  sea  bottom  are 
here  in  a  state  of  hydrostatic  equilibrium  so  delicately  adjusted 
that  any  transfer  oi  load  produces  a  quantitatively  equivalent 
deformation,  t 

*  These  features  are  set  forth  at  some  length  in  a  paper  on  the  Lafayette  for- 
mation, 12th  Ann.  Rep.  U.  S.  Geol.  Survey.  1892,  pp.  347-521,  pis,  xxxii-xli. 

f  Thomson  and  other  physicists  concluded  some  years  ago,  after  a  study  of  the 
tides,  precession,  etc.,  that  the  earth  as  a  whole  must  be  as  rigid  at  least  as  steel. 
Newcomb  has  quite  recently  concluded,  after  discussing  new  data  (including 
Chandler's  brilliant  coordination  of  the  recorded  variations  in  latitude  in  connec- 
tion with  Oppolzer's  computations),  that ''  the  earth  yields  slightly  less  .  .  .  than 
it  would  if  it  had  the  rigidity  of  steel,  and  that  it  is  consequently  slightly  more 
rigid  than  steel  *'  (Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  lii, 
no.  5  (1S92),  p.  339);  so  that  while  Thomson's  result  gives  a  minimum  value, 
that  of  Newcomb  gives  a  maximum  value  for  the  rigidity  of  the  earth  as  deter- 
mined from  cosmic  relations.    Now,  without  analysis  of  the  differences  in  deflni- 
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III. 

The  measure  of  isostasy  found  in  the  modern  Gulf  of 
Mexico  might  be  tested  by  comparison  with  the  measures 
yielded  by  other  gulfs  and  bays,  were  the  data  concerning  tfie 
several  fortunately  situated  deposition- tracts  suflBiciently  pre- 
cise ;  but  in  the  dearth  of  surveys  and  bench-marks  it  must 
suffice  to  repeat  that  the  physiographic  data  afforded  by  the 
Bay  of  Bengal,  the  Adriatic,  Hwang-hai,  Black  and  Azof  seas, 
the  Arabian  gulf,  the  mouths  of  the  Amazon  and  la  Plata, 
etc.,  are  harmonious  therewith.  The  measure  cannot  well  be 
tested  by  comparison  with  the  indirect  data  derived  from  study 
of  ancient- formations  or  terranes  in  other  geologic  provinces, 
since  most  of  such  data  are  isolated  and,  by  reason  of  ignorance 
concerning  the  absolute  or  relative  areas  of  the  tracts  of  degra- 
dation ana  deposition  respectively  only  rudely  qualitative,  and 
since  in  the  single  case  in  which  the  indirect  measure  is  quanti- 
tative— Gilbert's  ancient  Lake  Bonneville — the  problem  is  so 
complex  as  to  permit  only  the  statement  that  the  results  are  in 
a  general  way  harmonious  with  the  data  yielded  by  the  modem 
Gulf.  The  measure  may,  however,  be  caecked  by  comparison 
with  past  records  of  the  geologic  province  represented  by  the 
Gulf  and  adjacent  lands. 

The  later  geologic  history  of  the  Gulf  of  Mexico  is  now 
fairly  well  known.  The  uppermost  structural  unit  of  the  con- 
tiguous land  area  is  the  early  Pleistocene  Columbia  formation; 
the  next  in  age  is  the  late  Neocene  (probably  Pliocene)  Lafay- 
ette (Appomattox)  formation.  Now  the  history  recorded  in 
these  formations  and  in  the  unconformities  by  which  they  are 
bounded  may  be  thus  interpreted  :  Before  the  Lafayette  period 
the  configuration  of  the  southeastern  quarter  of  the  continent 
was  much  the  same  as  to-day,  save  that  the  land  lay  somewhat 
lower  and  flatter  ;  then  came  the  Lafayette  inundation,  300  to 
900  feet  in  depth  and  extending  from  100  to  500  miles  inland; 
this  was  followed  by  a  high  level  period  during  which  the  land 
was  tilted  seaward  from  the  Appalachian  axis  but  lifted  300  to 
1000  feet  higher  than  before  (or  now),  and  during  which  half 
of  the  volume  of  the  Lafayette  formation  was  degraded,  while 
the  rivers  carved  broad  and  deep  canyons  forming  the  estuaries 
yet  indenting  the  Atlantic  and  Gulf  coasts ;  next  the  land 
gradually  subsided  to  its  previous  (and  about  the  present)  mean 

tion  of  terms  to  which  are  due  the  apparent  discordance  between  the  current 
doctrine  of  physics  and  tliat  of  geology,  it  may  be  pointed  out  that  these  re- 
markable and  admirable  inductions  of  physics  have  no  more  to  do  with  the 
deformation  dealt  with  by  geologists  than  laboratory  experiments  on  the  rigidity 
and  brittleness  of  ice  have  to  do  with  the  movements  of  glaciers;  and  the 
mobility  of  the  terrestrial  crust  through  a  range  reachiog  thousands  of  feet  and 
even  miles  is  now  quite  as  well  established  as  is  the  mobility  of  glacier  ico. 
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altitude,  though  the  relative  lifting  of  the  Appalachian  axis 
persisted ;  then  came  the  Columbia  inundation,  which  was 
coeval  with  the  first  known  ice-invasion,  during  which  the 
Atlantic  and  Gulf  again  united  and  flowed  inland  20  to  500 
,  miles,  rising  100  to  700  feet  above  their  present 

level ;  finally  the  land  rose  so  high  as  to  permit 
the  excavation  of  the  submarine  channels  of  the 
Hudson,  the  Delaware,  the  Susquehanna,  the 
Potomac  and  the  Mississippi,  but  soon  subsided  ; 
and  this  last  subsidence  of  the  southern  land 
seems  to  have  been  little  affected  by  the  later  ice 
invasions,  and  is  perhaps,  even  probably,  yet  in 
progress.  These  oscillations  are  represented 
graphically  in  the  accompanying  diagram  (figure 
3)  in  which  the  ordinates  represent  time,  the 
abscissas  continental  altitude.* 

On  comparing,  or  rather  contrasting,  these 
great  continentS  oscillations  with  the  gentle 
modem  movement  along  the  shores  of  the  Gulf, 
they  are  found  to  differ  widely:  The  modern 
subsidence  appears  to  be  a  gentle  warping  in  such 
direction  as  to  deepen  the  basin  and  gradually 
submerge  its  perimeter ;  the  old  oscillations  were 
widespread  and  involved  both  sea  bottom  and 
continent.  The  modem  movement  is  slight  and 
commensurate  with  the  simple  and  uniform 
processes  of  degradation  and  sedimentation  ;  the 
old  movements  were  cataclysmic,  and  utterly 
transcended  the  intiuence  oi  rain  and  rivers — 
they  were  indeed  of  greater  amplitude  than  any 
other  continent  movements  of  southeastern  North 
America  since  the  close  of  the  Cretaceous. 

Now  the  modern  movements  not  only  yield  a 
quantitative  measure  of  isostacy  (with  a  "  prob- 
able error"  whose  value  is  indeterminate)  but 
give  a  rude  measure  of  the  eflBciency  of  degrada- 
tional  transfer  of  matter  on  the  surface  of  the 
earth's  crust  in  producing  deformation ;  while  the 

J>.  movements  recorded  in  the  Columbia  and  Lafay- 
)  ette  formations  were  of  so  much  greater  ampli- 
tude that  they  may  not  be  referred  to  a  similar 
cause.  In  this  province  as  in  others,  therefore, 
it  becomes  necessary  to  discriminate  the  two 
classes   of    earth   movements  elsewhere    called, 

*Tbej  are  represeDted  phjsiographitally  Id  a  series  of  tectonic  maps  illastrat- 
iof^  a  paper  on  che  Lafayette  formation  now  in  press  as  a  part  of  the  12th  Ann. 
Rep.  T7.  S.  Geol.  Survey  (pis.  xxxiz-zli). 
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respectively,  cmtecedent  and  consequent — the  first  including 
those  grand  initial  movements  of  debatable  cause  by  which 
continents  are  lifted  and  sometimes  deformed  or  drowned,  and 
the  second  including  the  more  restricted  movements  due  to 
loading  and  unloading. 

So  the  modern  province  measures  the  competence  of  isos- 
tasy,  the  ancient  province  its  incompetence  ;  the  modern  Gulf 
illustrates  the  magnitude,  the  ancient  Gulf  the  minitude,  of 
isostatic  deformation  as  a  means  in  continent  making. 

IV, 

Eecurring  now  to  the  direct  and  indirect  measures  of  isostasy 
afforded  by  the  Gulf  of  Mexico  in  its  present  condition  and 

Sast  history,  it  may  confidently  be  concluded :  (1)  that  the  direct 
ata  of  modern  times  indicate  that  deposition  and  isostatic  sub- 
sidence are  not  only  related  sequentially  but  that  under  favor- 
able conditions  they  are  quantitatively  equal  or  sub-equal ;  (2) 
that  this  measure  of  isostasy  is  consistent  with  the  direct  data, 
both  quantitative  and  qualitative,  yielded  by  other  noteworthy 
deposition  tracts  of  the  globe ;  and  (3)  that  the  indirect  data 
afforded  by  the  Gulf  indicate  that  isostatic  (or  consequent) 
movement  alone  is  incompetent  to  explain  the  general  conti- 
nental oscillations  recorded  in  the  Neozoic  deposits.  Thus  the 
Gulf  of  Mexico  yields  both  maximum  and  minimum  measures 
of  isostasy. 


AsT.  KXYI.— Persistence  of  Vision  ;  by  Ervin  S.  Fjkrky. 

[Contributions  from  the  Physical  Laboratory  of  Cornell  Universityf  No.  10.] 

Ever  since  the  time  of  Aristotle,  it  has  been  known  that 
when  the  eye  is  impressed  by  light,  the  sensation  persists  even 
after  the  exciting  cause  has  ceased  to  act.  In  his  work  on 
dreams,  Aristotle  describes  duration  of  impressions  in  the 
retina  and  then  deduces  as  the  cause  of  dreams  a  similar  per- 
sistence of  impression  on  the  sensorium  of  things  experienced 
when  awake.  The  ancients  noticed  and  correctly  explained 
many  optical  illusions  by  persistence  of  vision ;  but  it  was  not 
till  twenty  centuries  after  Aristotle  that  anyone  attempted  to 
measure  the  duration  of  visual  impression.  Segner*  measured 
the  duration  of  the  light  impression  from  a  spark  of  a  rotating 
stick  and  adopted  01  second  as  the  probable  value.     D'Arcy,j 

*  De  raritate  luminis  (Gottingen,  1740,  pp.  6-8). 

f  M^moire  sur  la  dur^e  de  la  sensation  de  la  vne  (1768). 
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Cavallo,*  and  Parrottf  have  since  fully  substantiated  this  value 
by  accurate  measurements.  Plateau, j:  in  1829,  found  that  when 
discs  divided  into  sectors  alternately  black  and  of  some  special 
color  were  rotated,  diflFerent  speeds  were  required  to  produce 
uniformity  of  tint,  depending  upon  the  color  of  the  pigment 
used  to  paint  the  alternate  sectors.  By  noting  the  angular 
size  of  the  black  and  the  colored  sectors  and  the  speed  just 
necessary  to  produce  uniformity  of  tint,  he  was  enabled  to  de- 
termine the  absolute  duration  of  the  maximum  impression  for 
the  different  colors  experimented  upon.  By  using  the  differ- 
ent discs  painted  in  sectors,  each  having  black  alternating  with 
some  one  color,  Plateau  obtained  the  following  values  for  the 
duration  of  impression  for  these  particular  colors : — 

White 0191  sees. 

Yellow 0-199     " 

Red 0-232     " 

Blue 0-295     " 

One  great  difficulty  with  this  method  is  that  since  no  pig- 
ment gives  a  pure  color  and  since  pigments  vary  so  widely  in 
tint,  the  results  obtained  hold  only  for  the  particular  speci- 
mens experimented  upon.  To  overcome  this  difficulty,  Dr.  E. 
L.  Nichols§  employed  a  revolving  disc  having  sectors  cut  out, 
in  front  of  the  slit  of  the  spectroscope,  and  defined  his  colors 
by  their  wave-lengths.  In  this  manner  by  suitably  choosing 
the  wave-lengths  used  for  observation,  a  curve  was  drawn 
showing  the  relation  between  the  duration  of  impression  and 
the  color  corresponding  to  any  wavelength. 

From  the  results  obtained  by  Plateau,  Emsmann,||  Nichols 
and  others,  it  was  reasoned  that  the  duration  of  retinal  impres- 
sions depends  upon  the  intensity  of  the  light-giving  source 
and  upon  the  color  of  the  light  entering  the  eye.  To  test  the 
validity  of  this  latter  proposition,  and  to  determine  the  princi- 
pal factors  producing  persistence  of  vision  has  been  the  object 
of  the  series  of  experiments  now  to  be  described. 

Apparatus  and  Method  of  Observation, 

The  plan  of  the  investigation  was  to  obtain  curves  showing 
the  relation  between  duration  of  the  retinal  impression  of  the 
normal  eye  and  wave-length  of  light  observed  for  spectra  of 

*  The  elements  of  natural  or  experimental  philosophy  (London,  1803),  vol.  ill, 
p.  136. 

f  EntretiSns  sur  la  physique  (Dorpat,  1819),  vol.  ili,  p.  235. 

X  Dissertation  sur  quelques  propriet^s  des  impressions  produites  par  la  lumidre 
sur  Torgans  de  la  vue.     (Liege,  18'29). 

§  On  the  Duration  of  Color  Impressions  upon  the  Retina,  this  Journal,  vol. 
xxviii,  p.  243. 

I  Ueber  die  Dauer  des  Lichteindrucks,  Pogg.  Ann.,  xci  (1854),  p.  611. 

All.  JouB.  Soi.— Third  Sembs,  Vol.  XLIY,  No.  261.— Sept.,  1892. 
13 
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different  intensities;  to  compare  these  curves  with  another 
showing  the  distribution  of  luminosity  in  the  spectrum  used ; 
and  finally  to  compare  similar  curves  obtained  from  dichroic 
eye& 

The  apparatus  for  the  measurement  of  the  retinal  impression 
consisted  of  a  diffraction-grating  spectrometer ;  a  sectored  disc 
that  could  be  revolved  by  an  electric  motor,  interposed  between 
the  lamp  and  collimator;  and  a  chronograph  to  register  accu- 
rately the  number  of  revolutions  of  the  disc.  The  source  of 
light  was  a  hundred-volt  Edison  incandescent  lamp  supplied 
by  a  secondary  battery,  and  it  was  kept  at  constant  candle 
power  by  varying  the  resistance  in  circuit  so  that  a  volt-meter 
would  always  indicate  one  hundred  volts.  In  front  of  the 
lamp  was  mounted  a  large  condensing  lens  for  the  purpose  of 
projecting  upon  the  collimator  slit  an  enlarged  image  of  the 
filament.  In  this  way  a  uniform  distribution  of  light  was  ob- 
tained in  all  parts  of  the  field  of  the  spectrometer.  At  the 
focus  of  the  eye-piece  of  the  telescope  was  placed  a  diaphragm 
so  as  to  isolate  from  the  spectrum  the  single  color  it  was  de- 
sired to  observe.  The  disc  had  a  ninety-degree  sector  cut  out 
from  each  end  of  a  diameter  so  that  when  the  disc  revolved 
there  would  be  seen  in  the  telescope  equal  periods  of  illumina- 
tion and  of  darkness.  The  speed  of  the  disc  was  controlled  by 
means  of  a  friction-brake  managed  by  the  observer.  On  the 
shaft  of  the  disc  was  mounted  a  contact  device  by  means  of 
which  an  electric  circuit  was  made  for  an  instant  on  each  revo- 
lution of  the  disc.  This  current  was  conducted  to  the  primary 
of  an  induction  coil  having  the  secondary  so  connected  to  a 
chronograph  cylinder  that  a  spark  would  puncture  a  blackened 
paper  on  the  cylinder  every  time  the  sectored  disc  revolved. 
Pressing  against  the  chronograph  cylinder  was  a  stylus  electric- 
ally connected  to  the  escapement  of  a  standard  clock.  By  this 
device  the  number  of  revolutions  of  the  sectored  disc  in  a 
second  could  be  very  accurately  determined. 

When  taking  an  observation,  the  experimenter  sits  at  the 
telescope  of  the  spectrometer  with  one  hand  on  the  brake 
regulating  the  speed  of  the  sectored  disc.  The  disc  is  first 
made  to  revolve  so  slowly  that  the  field  of  view  in  the  tele- 
scope flickers,  and  then  the  speed  is  gradually  increased  till  the 
point  is  reached  when  the  field  just  becomes  quiet ;  then  a  key 
IS  pressed  and  an  assistant  rotates  the  chronograph  cylinder  for 
five  seconds  and  takes  the  record  of  the  speed  of  the  sectored 
disc.  This  gives  the  duration  of  the  maximum  impression  on 
the  retina.  Such  a  short  time  of  observation  as  here  used  has 
many  manifest  advantages.  Even  when  the  disc  is  steadied 
by  a  heavy  fly-wheel  as  was  done  in  these  experiments,  and 
rotated  by  a  powerful  motor,  the  speed  can  be  kept  constant 
for  only  a  short  time.     Other  experimenters  have  taken  one- 
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minute  observations  or  longer,  and  found  their  separate  obser- 
vations diflFering  by  a  large  per  cent  from  the  mean.  With 
this  apparatus  a  difference  of  more  than  three  per  cent  between 
two  observations  of  the  same  region  in  a  spectrum  of  ordinary 
brightness  is  rare.  The  observations  at  regions  of  low  bright- 
ness are  more  difficult. 

The  eye  was  subjected  to  the  intermittent  light  for  as  short 
a  time  as  possible  so  as  to  avoid  the  secondary  colors  described 
by  Signer  Cintolesi.*  After  each  observation  on  colored 
light  the  eye  was  rested  by  looking  at  white  light  and 
the  succeeding  observation  was  invariably  made  on  a  dif- 
ferent color.  Thus  the  disproportionate  increase  of  sensitive- 
ness of  the  eye  for  more  refrangible  rays  due  to  adaptation,  as 
noticed  by  M.  H.  Parinaud,t  was  guarded  against.  These  ob- 
servations were  made  in  a  room  with  blackened  walls  and 
every  attempt  was  made  to  exclude  extraneous  light.  It  was 
also  soon  found  that  precautions  were  necessary  to  eliminate 
the  slight  tremor  produced  by  the  motor  and  the  disc,  because 
a  vibration  of  the  lamp  or  of  the  diffraction-grating  produces 
a  flicker  in  the  field  of  view  that  cannot  be  distinguished  from 
the  appearance  produced  by  a  too  slow  rotation  of  the  sectored 
disc. 

Duration  of  Light  Impressions  on  the  N'ormaL  Retina. 

To  represent  the  normal  eye,  three  persons  were  selected  of 
about  the  same  age,  whose  eyes  were  free  from  Daltonism,  astig- 
matism, near-  and  far-sightedness  and  from  such  abnormal  color 
sensations  as  have  been  recently  observed  by  Captain  AbneyJ 
in  confirmed  users  of  narcotics  and  stimulants.  How  very 
closely  the  duration  of  retinal  impression  for  each  part  of  the 
spectrum  agreed  for  these  cases  is  shown  in  the  following  table : 


Table  I. 

Wave-length. 

Duration  of  retinal  impression  in  seconds. 

A 

E.  S.  P.                G.  W.  B.                E.  P.  N 

•435 

•0357                  •0357                  -0333 

•480 

•0250                   ^0263 

•510 

•0200                   •0186                   -0200 

•540 

•0156                   -0152 

•570 

•0139                  ^0139                  -0139 

•589 

•0132                   -0128                   -0128 

•615 

•0141                   -0142 

•645 

•0156                   ^0152 

•684 

•0192                   -0179                  ^0192 

*  Ann.  di  Optalmol.  II  and  III,  1879. 

-f  De  I'intensit^  lumineuse  des  couleurs  spectrales,  Comptes  Rendus,  zciz,  p.  937. 
I  On  the  Examination  for  Color  of  cases  of  Tobacco  Scotoma,  and  of  Abnormal 
CoIor-blindnesB,  Koj.  Soc.  Proc.,  xliz  (1891),  p.  491. 
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The  values  given  in  this  table  as  well  as  in  all  the  sacceeding 
tables  are  not  averages  of  a  number  of  observations,  but  are 
the  values  of  a  single  set  of  readings.  The  third  and  fourth 
columns  are  the  values  obtained  by  two  observers  who  had 
only  used  the  apparatus  for  about  an  hour,  and  are  hence  less 
reliable  than  the  values  in  the  second  column  which  have  been 
many  times  repeated.  The  curve  platted  from  the  values  in 
the  second  column  is  shown  in  fig.  1,  curve  8. 


Duration  of  Impression  of  normal  eye  for  different  colors  and  different  inten- 
sities. 

The  fact  was  noticed  with  some  surprise  that  on  different 
days  the  observations  were  nearly  identical,  if  the  eyes  had  not 
been  strained  or  made  more  than   normally  sensitive  by  re- 
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maining  for  a  long  time  in  a  dark  room.  And  it  was  also 
foand  that  the  sensitiveness  of  the  eye  might  have  changed 
by  several  per  cent  without  producing  any  noticeable  diner- 
ence  in  the  duration  of  the  retinal  impression.  This  shows 
two  things:  first,  that  the  personal  equation,  or  more  properly 
the  personal  error,  in  this  sort  of  investigation  is  less  formid- 
able than  ordinarily  supposed ;  and  secondly  that  a  compara- 
tively large  change  of  sensitiveness  of  the  eye  is  required  to 
produce  a  marked  change  in  the  duration  of  the  retinal 
impression. 

An  examination  of  this  curve  (8,  tig.  1)  shows  that  the 
retinal  persistence  is  very  difEerent  for  diflEerent  parts  of  the 
spectrum.  As  in  the  curves  published  by  Dr.  Nichols,  in  the 
paper  already  cited,  the  minimum  duration  is  near  the  D  line, 
and  from  this  point  the  duration  steadily  increases  toward  each 
end  of  the  spectrum.  The  observations  were  carried  relatively 
farther  into  the  blue  than  in  the  red,  which  largely  accounts 
for  the  apparent  unsymmetrical  form  of  the  curve.  The  curve 
is  of  the  general  form  of  a  parabola  with  its  apex  approxi- 
mately at  the  D  line  and  the  two  branches  becoming  parallel 
to  the  ordinates  of  the  ends  of  the  spectrum. 

Duration  of  Retinal  Impression  for  light  of  different  Intensities. 

In  the  early  part  of  this  century  Plateau*  noticed  that  there 
was  an  intimate  connection  between  duration  of  retinal  im- 
pressions and  the  intensity  of  the  light  producing  them.  One 
of  the  principal  objects  of  this  investigation  was  to  determine 
the  law  connecting  these  quantities.  To  do  this,  values  of 
duration*  of  retinal  impression  were  obtained  for  monochro- 
matic light  of  different  intensities.  The  light  intensity  was 
varied  by  changing  the  width  of  the  collimator  slit  according 
to  Vierordt's  method.  The  plan  followed  was  to  obtain  a 
spectrum  of  a  certain  brightness,  and  measure  the  duration  of 
retinal  impression  at  sufficient  points  in  it  to  be  able  to  plat  a 
curve  showing  the  relation  between  the  retinal  persistence  and 
wave-length.  Then  changing  the  width  of  the  collimator  slit 
by  a  definite  amount,  so  as  to  obtain  a  spectrum  of  a  brightness 
in  known  proportion  to  that  of  the  preceding  spectrum,  to 
determine  the  duration  of  impression  for  the  same  points  as 
before.  In  this  way  the  following  values  were  obtained  for 
the  duration  of  retinal  impression  of  monochromatic  light  of 
different  color  and  different  intensity. 

*  Dissertation  sur  quelque  propri6t^8  des  impressions  produites  par  la  lumidre 
sur  I'organs  de  la  vue.     (Liege  1829.) 
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Table  II. 

Duration  of  retinal  impressions  for  monochromatic  light  of 
diflEerent  wave-length,  of  relative  brightness  from  I  to  24. 

Wave-  Daration  of  r«tloa1  ImpresslonB  in  seconda. 

length.  1.  2.  4.  8.  1«.  24. 

•435  -OaSY  0294    '0227 

•480  -0328    0286    0260  '0217 

•510  0200 

•540  -0200    0192    -0172    '0156  '0133    '0119 

•570  0139  -0109 

•589  0170    0161    -0147    -0132  -0102    0081 

■615  0141  -Olll 

-646  -0204    -0192    '0179    -0166  •OlSO 

•684  -0238    -0217    '0192  '0172    0156 

These  values  are  platted  in  the  curves  shown  in  fig.  1.  The 
numbers  affixed  to  the  curves  indicate  the  relative  brightness 
of  the  spectra. 

These  curves  show  that  with  increased  brightness  the  values  of 
retinal  presistence  do  not  shift  their  positions  relative  to  wave- 
length ;  that  as  the  brightness  of  the  spectrum  increases,  the  dur- 
ation becomes  less  in  such  a  manner  that  each  point  in  the  curve 
is  shifted  downward  by  a  nearly  constant  amount ;  and  that  the 
distance  separating  the  different  curves  has  a  definite  relation 
to  the  diflcerence  of  the  light  intensity  of  the  spectra  from 
which  the  curves  were  obtained. 

If  the  values  be  noticed  for  the  duration  of  impression  of  all 
the  curves,  corresponding  to  any  single  wave-length,  it  will  be 
perceived  that  the  following  statement  is  approximately  true : 
as  the  intensity  of  light  increases  in  geometrical  ratio,  the 
duration  of  the  corresponding  retinal  impression  decreases  in 
arithmetical  ratio.  This  statement  can  be  concisely  expressed 
in  the  form  of  the  approximate  empirical  law — the  difference 
of  the  duration  of  two  retinal  impressions  produced  by  two 
lights  of  the  same  color,  is  inversely  proportional  to  the 
logarithm  of  the  quotient  of  the  respective  luminous  inten- 
sities. 

The  value  obtained  for  the  ends  of  the  spectrum  deviate 
from  this  law,  but  this  is  probably  due  to  the  uncertainty  of 
the  observations  in  these  faintly  illuminated  regions.  The 
relation  between  duration  and  light  intensity,  thus  far  deals 
simply  with  lights  of  the  same  color.  The  next  object  of  the 
experiment  was  to  test  the  generality  of  this  law,  by  determin- 
ing if  it  would  hold  for  lights  of  different  color. 

Relation   between   Luminosity   and  Duration   of   Retinal  Im- 
pression. 

By  luminosity  is  meant  the  physiological  effect  of  light  upon 
the  eye  by  means  of  which  vision  is  accomplished.     Tne  meas- 
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ure  of  luminosity  is  the  amount  of  light  neceesarj  to  enable  one 
to  clearly  distinguish  objects.  The  spectra  of  various  light 
sources  are  so  very  different  in  the  distribution  of  luminosity, 
that  it  was  considered  necessary  to  determine  these  values  for 
the  particular  lamp  used  in  these  experiments. 


■«»0         •Oe         XTO         «.«)        5<0         9M         »9«         970 


oio      *ae     CM     *7o     ««o 


Distribution  of  Luminosity  in  16-candle  power,  lOO-voIt  Kdison  Incandescent  Lamp 

The  method  employed  was  to  insert  an  object  into  the  eye 
piece  of  the  spectrometer  and  to  reduce  the  aperture  of  the 
objective  of  the  observing  telescope  by  means  of  a  line  microm- 
eter slit  till  the  object  was  just  visible.  The  reciprocals  of 
the  micrometer  slit  areas  gave  the  relative  luminosities  of  the 
different  parts  of  the  spectrum.  This  method  is  less  conve- 
nient and  possibly  less  accurate  than  the  Rumford  photometer 
method  used  by  Abney  and  Festing*  but  it  gave  a  probable 
error  of  only  about  five  per  cent. 

Table  IIL 
Distribution  of  Luminosity  in  normal  spectrum  of  a  16  C.  P.  100  volt  Edison 
Incandescent  lamp — Platted  in  Fig.  '1. 


Wave- 

Relative 

Wave- 

Relative 

length. 

luminosity. 

length. 

luminosity. 

•436 

1-86 

•589 

lOO^OU 

•455 

3-06 

-615 

83  ^25 

•480 

13-89 

•645 

54^37 

•510 

28-28 

•675 

17^12 

•540 

50-00 

•684 

11-16 

•670 

89-25 

♦Colour  Photometry,  Trans.  Roy.  Soc.  Lond.,  1888,  p.  647. 
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The  form  of  this  curve  suggested  the  possibility  of  lumin- 
osity bearing  a  reciprocal  relation  to  duration  of  impression. 
This  idea  was  tested  in  two  ways.  First,  one  particular  region 
in  the  spectrum  was  chosen  and  its  luminosity  varied  so  as  to 
be  equal  to  the  luminosity  of  different  parts  of  the  normal 
spectrum  as  given  in  Table  III;  the  duration  of  retinal 
impression  was  then  measured  for  these  luminosities  and  gave 
the  following  values : 


Table  IV. 

Duration  of  impression  for  a  single  color  having  its 
equal  the  luminosities  of  different  parts  of  the  normal 

1  luminositj 
spectrum. 

varied  so  as  to 

Relative  luminosity. 

GorrespondiDg  to 
wave-length. 

Given  duration  of 
impression  in  seconds. 

1-86 

•435 

•0333 

13-89 

•480 

•0227 

28-28 

•510 

•0200 

50-00 

•540 

•0161 

89-25 

•570 

•0143 

100-00 

•589 

•0138 

83-25 

•615 

•0143 

54-37 

•645 

•0161 

11-16 

•6ft4 

•0192 

The  luminosities  taken  in  this  table  are  the  same  as  in  the 
normal  spectrum  that  gave  the  values  in  the  fifth  column, 
Table  II.  A  comparison  of  the  third  column,  Table  IV,  and 
the  fifth  column.  Table  II,  indicates  that  luminosity  is  the 
important  factor  in  persistence  of  vision.  To  farther  test  this 
deduction,  observations  were  made  on  the  duration  of  impres- 
sion for  different  colors  of  the  normal  spectrum,  when  each 
color  was  brought  to  the  same  luminosity.  If  the  above 
deduction  is  valid,  then  if  each  color  is  brought  to  the  same 
absolute  luminosity,  the  retinal  persistence  of  each  color  will 
give  the  same  value.     The  values  obtained  are  given  below. 

Table  T. 
Duration  of  impression  when   each  spectral  color  is  brought  to  the  same 
luminosity. 

Wave-length.  Duration  in  seconds. 

•510  -0161 

•640  •U147 

•570  ^0149 

•589  -0147 

•615  ^0147 

•645  -0147 

Duration  of  Light  Impressions  on  Color- Blind  Eyes, 

As  a  still  farther  test  of  the  theory  that  retinal  persistence 
is  practically  independent  of  color  but   depends  principally 
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upon  luminosity,  duration  of  impression  curves  were  obtained 
from  dichroic  eyes.  It  is  well  known  that  a  color-blind  person 
not  only  lacks  one  of  the  fundamental  color  sensations  but  also 
that  he  perceives  other  colors  differently  from  the  normal. 
For  instance,  according  to  Holmgren,*  in  the  spectrum  as  seen 
by  red-blind  persons  yellow  begins  at  about  line  C  and  extends 
an  orange,  yellow  and  yellowish  green  and  ends  near  F.  At 
this  neutral  zone  the  blue  begins  and  extends  to  the  end  of  the 
normal  spectrum.  If  now  duration  of  retinal  impression  does 
depend  m  any  way  upon  color,  one  would  expect  that  the 
curves  obtained  from  color-blind  persons  would  differ  from 
those  of  the  normal  in  a  way  that  could  not  be  explained  by 
considerations  of  luminosity  alone.  An  examination  of  about 
two  hundred  members  of  a  large  class  in  physics,  by  Holm- 
gren's worsted  method  furnished  eight  cases  of  color-blindness, 
one  being  red-blind,  the  remainder  being  green-blind.  The 
proportion  of  color-blind  in  even  this  limited  number  was 
about  the  same  as  found  by  Dr.  Jeffriesf  from  the  examin- 
ation of  175,000  persons. 

These  color-bhnd  students  were  examined  for  the  neutral 
point  by  the  method  of  A.  KoenigJ  which  consists  in  deter- 
mining the  color  that  they  will  match  with  white  or  gray.  A 
prism  having  one  face  coated  with  magnesium  white  was  so 
mounted  in  the  Helmholtz  color-mixing  spectroscope,  that  a 
ray  of  light  from  the  collimator  passing  through  the  prism 
would  be  dispersed  into  a  spectrum,  while  a  ray  from  a  second 
source  falling  on  the  white  surface  would  be  reflected  directly 
into  the  telescope.  If  now  the  eye- piece  of  the  telescope  be 
removed,  one-half  the  field  of  view  will  be  filled  with  color  and 
the  other  half  with  pure  white  or  gray.  With  this  arrange- 
ment a  color-blind  person  will  very  accurately  set  the  instru- 
ment to  the  exact  point  where  the  two  halves  of  the  field  of 
view  appear  of  exactly  the  same  color  to  him. 

After  their  neutral  points  had  been  found  in  this  manner, 
these  gentlemen  very  Kindly  offered  to  spend  the  time  neces- 
sary to  obtain  curves  for  their  retinal  persistence. 

Mr.  W.  C.  W.  is  a  marked  case  of  inherited  blindness  to 
red.  His  father,  uncles  and  brothers  are  similarly  affc^cted. 
The  red  end  of  his  spectrum  ends  at  about  '688  il,  and  his  neu- 
tral point  is  at  -510  X.     His  eyes  are  otherwise  normal. 

Mr.  H.  S.  has  inherited  green-blindness  from  his  maternal 
relatives.  Daltonism  is  so  very  rare  among  women  that  his 
case  was  studied  with  great  interest.     He  is  making  a  specialty 

•How  do  the  color-blind  see  the  different  colors?  Proc,  Roy.  Soc.  Lond., 
zxri(1880),  p.  302. 

f3'95  per  cent  among  males.  "Color  Blindness:  its  dangers  and  detection.'* 
(Boston:   1879.) 

X  Zur  Kentniss  dichromatischer  Farbensysteme.    Wied.  Ann ,  xxii  (1 884),  p.  667. 
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of  botany  and  findfi  no  great  inconvenience  in  any  of  his 
studies  except  chemistry.  This  subject  he  was  obliged  to  dis- 
continue as  he  could  not  distingai^  the  characteristic  colors 
of  the  reactions.  His  neutral  point  was  sharply  located  at 
'516  k     This  gentleman  wore  glasses  for  near-sightedness. 
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Duration  of  Impression  for  diflEerent  colors  of  red-blind  Eye. 

The  other  observers  were  not  aware  of  any  similar  cases  in 
their  families.  The  neutral  point  of  Mr.  G.  A.  W.  was  located 
at  -517  ;i;  Mr.  W.  M.  at  -5165;;  Mr.  L.  M.  W.  at  518  A; 
Mr.  H.  C.  H.  at  -516  L  They  are  all  green-blind  and  their 
eyes  appear  to  be  otherwise  perfect  with  the  exception  of 
Mr.  TV.  M.,  who  is  near-sighted.  Their  values  of  duration  of 
impression  are  given  in  the  annexed  table. 

The  values  of  Mr.  TV.  C.  W.  are  platted  in  the  full  curve 
fig.  3 ;  the  broken  curve  being  the  curve  of  the  normal  eye 
for  the  same  brightness  of  spectrum.  The  values  obtained  by 
Messrs.  W.  M.,  H.  C.  H.,  and  L.  M.  W.  are  platted  in  the 
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curves  in  fig;.  4.  The  normal  curves  are  drawn  in  as  before  to 
show  the  relation  between  the  normal  and  color-blind  ejes  for 
persistence  of  vision. 

Tablb  VI. 

DwratUm  of  Retinal  Impression  for  Dichroic  Eyes, 

(The  numbers  at  the  head  of  each  column  indicate  the  brightness  of  the  spectrum.) 


Do 

intUon  of  Impr 

esalon  in  Beeoi 
Green  Blind. 
'    Mr.W.M. 

ads. 
Mr.  H.  C.  H. 

Red  Blind.  ' 

Mr.  H.  B. 

lensth. 

Mr.  W.  C.  W. 

Mr.  O.  A.  W. 

Mr.L.M.W. 

A. 

4. 

8. 

4. 

2. 

4. 

8. 

'435 

\ 

•0357 

•0357 

•480 

•0294       I 

•0357 

•0278 

•0333 

•0294 

•0250 

•610 

■0227 

•0227 

1       0227 

•0263 

•0217 

•0192 

■526 



•0208 

'      -0200 

•0'238 

•0208 

•0185 

•540 

•0172       ! 

•0200 

•0185 

•0222 

•0200 

•0172 

•666 

0161 

•0176 

•0179 

•0208 

•0193 

•0166 

•570 

•0166 

•0161 

•0161 

•0192 

-0166 

•0143 

•589 

•0162 

•0143 

•0152 

•0169 

•0151 

•0126 

•615 

0179 

•0154 

•0156 

•0175 

•0161 

•0143 

•646 

•0217 

•0176 

•0167 

•0192 

•0172 

•0156 

•684 

1 

-0210 

j       0227 

•0238 

•0217 

•0179 

These  curves  show  that  light  impressions  of  red  last  mnch 
longer  on  the  retina  of  red-blind  persons  than  on  the  normal, 
yellow  somewhat  longer  than  normal  and  the  other  colors  about 
the  same  as  normal.  With  green-blind  persons,  however,  green 
impressions  persist  much  longer  than  normal,  red  a  little  less 
than  normal  and  the  other  colors  the  same  as  normal. 

An  explanation  of  the  difference  between  the  duration 
curves  of  dichroic  and  normal  eyes  was  found  in  the  difference 
in  the  sensitiveness  for  different  colors  of  the  dichroic  from  the 
normal  eye.  Messrs.  Mac6  and  Nicati^  from  the  examina- 
tion of  a  number  of  dichroic  eyee  obtained  luminosity  values 
which  indicate,  first,  that  red-blind  people  perceive  red  weakly, 
yellow  nearly  normal,  green  better  than  normal ;  second,  that 
the  green  blind  have  better  perception  than  normal  for  red, 
green  feeble,  yellow  and  blue  normal.  A  later  determination 
by  Abney  and  Festingf  confirmed  their  conclusions.  In  this 
experiment  luminosity  values  were  also  obtained  from  Mr.  W. 
C.  W.  which  agree  with  the  two  determinations  just  cited. 
This  shows  that  if  account  be  taken  of  the  difference  between 
the  sensitiveness  of  the  normal  and  the  dichroic  eye  for  different 

*  De  la  distribution  de  la  lumi^re  dans  le  spectre  solaire  (spectre  des  Daltoniens). 
Comptes  Rendus,  xci,  p.  1078. 
t  Colour  Photometry.    Trans.  Roy.  Soc.  Lond.,  1888,  p.  547. 
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regions  of  the  spectrum,  that  the  curves  of  retinal  persistence 
of  tlie  dichroic  and  the  normal  eye  will  be  of  the  same  form. 

This  appears  to  make  the  evidence  conclusive  that  color  is  at 
most  a  slight  factor  in  retinal  persistence,  and  that  luminosity 
is  the  all-important  function. 


yjo       tiO        tit       t»ii       yo        X30       990       i70       SfO       t«0        tM       «J*       *«f      i90 

Duration  of  Impression  of  Green-blind  Eye. 

The  law  previously  derived  connecting  duration  of  impres- 
sion and  luminosity  of  lights  of  the  same  color  can  now  be 
made  general  and  independent  of  color.  This  approximate 
empirical  law  can  now  be  expressed  in  the  concise  form — dura- 
tion  of  retinal  impression  is  inversely  proportional  to  the 
logarithm  of  the  luminosity^  or  in  the  form  of  the  equation 

"~  Jc  *  log  I ' 

It  is  interesting  to  note  the  similarity  of  this  with  Fechner's 
law*  connecting  the  intensity  of  stimulus  and  the  sensation 

*  Revision  der  Hauptpunkte  der  Psychophysik  (Leipsig),  p.  184. 
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produced.  Fechner's  law  was  also  empirically  deduced  and 
nas  since  been  confirmed,  for  mean  values,  by  Dalbouf's 
memoir  to  the  Belgian  Academy.  It  can  be  expressed  in  the 
form 

8  :=  k/  log  X 

where  8  denotes  intensity  of  sensation  and  x  intensity  of  stim- 
ulus. In  this  particular  case  the  stimulus  is  luminosity,  hence 
we  have 

which  means  simply  that  retinal  persistence  varies  inversely  as 
the  intensity  of  the  sensation  producing  it.  This  seems  to  agree 
with  ordinary  experience  and  thus  to  confirm  the  validity  of 
the  law  connecting  retinal  persistence  and  luminosity. 

Effect  of  Age  upon  Retinal  Persistence. 

It  was  thought  that  possibly  as  a  person  advanced  in  years, 
the  retina  miriit  become  selective  in  its  sensitiveness  for  differ- 
ent colors  and  that  therefore  the  curve  of  duration  of  retinal 
impression  might  be  different  from  that  of  a  younger  person. 
Two  professors  in  the  University  kindly  permitted  their  eyes 
to  be  tested  for  retinal  persistence  and  the  values  obtained  are 
given  in  the  annexed  table. 


Table  VII. 

Wave-length. 

Duration  of  retinal 

impression  in  secoDds. 

X 

Prof.  S.  G.  W. 

Prof.  E.  L.  N. 

•435 

•0417 

•0417 

•480 

•033;^ 

•0357 

•510 

•0-217 

•0227 

•540 

•0179 

•0185 

•570 

•0166 

•0161 

•589 

•0147 

•0155 

•615 

•0156 

•0166 

•645 

•0185 

•0192 

•684 

•0227 

•0227 

These  values  platted  in  fig.  5  seem  to  indicate  that  for  both 
Dr.  Nichols  and  Prof.  Williams  the  more  refrangible  part  of 
the  spectrum  is  proportionately  less  luminous  than  to  the  eyes 
assumed  to  be  normal.  But  the  violet  end  of  the  spectrum  is 
so  feeble  that  observations  in  it  are  very  diflBcult,  and  cer- 
tainty cannot  be  obtained  without  more  extended  observa- 
tions. If  anything  can  be  deduced  from  so  few  observations, 
these  curves  show  to  a  high  degree  of  probability  that  age  in- 
creases retinal  persistence  to  a  considerable  amount  and  that 
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the  increase  is  nearly  uniform  for  all  wave-lengths.  This  fact 
would  be  naturally  expected,  for  it  is  well  known  that  age  de- 
creases retinal  sensitiveness  ;  and  as  the  sensitiveness  decreases 
the  action  of  the  retina  would  be  less  quick  either  to  receive 
an  impression  or  to  dismiss  one. 


W30       V50      V70      V90       3/0       330        MO        »7D      390       6/0       6J0      650      hfO      *»0 


Summary  of  Results, 

I.  The  duration  of  retinal  impression  is  very  different  for 
different  regions  in  the  spectrum,  being  at  a  minimum  value  at 
the  region  of  maximum  luminosity  and  gradually  increasing  to 
maximum  values  at  the  ends  of  the  spectrum. 

II.  If  the  luminosity  of  any  region  in  the  spectrum  be  so 
changed  that  the  values  vary  in  geometrical  ratio,  the  corre- 
sponding values  of  duration  of  impression  will  approximately 
vary  in  arithmetical  ratio  for  regions  of  ordinary  brightness. 

IIL  Color  has,  at  most,  very  slight  influence  upon  retinal 
persistence.  Luminosity, — including  the  brightness  of  the  light 
and  the  retinal  sensitiveness — is  the  all-important  factor. 
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IV.  For  ordinary  values  the  following  empirical  law  is  a; 
proximately  true — Retinal  persistence  varies  inversely  as  t 
logwrithm  of  the  luminosity, 

V.  The  values  of  retinal  persistence  in  dichroic  eyes  is  very 
different  than  in  normal  eyes.  For  instance,  light  impressions 
of  red  last  much  longer  on  the  retina  of  red-blind  persons  than 
on  the  normal,  yellow  somewhat  longer  than  normal  and  the 
other  colors  about  the  same  as  normal.  With  green-blind 
persons,  green  impressions  persist  much  longer  than  normal, 
red  a  little  less  than  normal  and  the  other  colors  the  same  as 
normal. 

VI.  The  very  marked  departure  from  the  normal  values  of 
retinal  persistence  in  dichroic  eyes  for  the  region  of  their 
lacking  color  sensation,  affords  a  precise  and  convenient  method 
of  determining  color-blindness. 

VII.  Within  the  range  of  these  experiments,  it  seems  prob- 
able to  a  high  degree  that  age  increases  the  duration  of  retinal 
impressions  to  a  nearly  equal  amount  in  all  regions  of  the 
spectrum. 

In  conclusion  I  wish  to  express  my  obligation  to  Mr.  E. 
Gordon  Merritt  for  his  very  valuable  assistance  in  taking  ob- 
servations in  these  experiments. 

Physical  Laboratory  of  Cornell  IJDiversity,  June,  1892. 


Art.  XXVII. — Kilauea  in  April^  1892 ;  by  Kev.  Sereno  E. 

Bishop. 

[Communication  to  J.  D.  Dana,  dated  Honolulu,  April,  30,  1892.] 

On  a  visit,  a  little  over  a  fortnight  since  to  the  volcano  of 
Kilauea,  the  condition  of  Halemaumau  crater  was  found  to  be 
greatly  changed  from  that  in  1887,  as  described  in  your 
"  Characteristics  of  Volcanoes,"  and  which  I  had  the  satisfac- 
tion of  observing  in  your  company.  It  also  di£Eers  so  greatly 
from  what  has  been  hitherto  put  upon  record,  that  I  venture 
to  send  you  the  particulars,  with  some  illustrations  for  such  use 
as  you  may  choose. 

At  the  collapse  of  the  crater  on  March  5,  1891,  precisely 
five  years  after  the  previous  collapse  in  1886,  a  deep  open  pit 
was  left  as  before.  The  great  mound*  had  entirely  disappeared 
into  the  volcanic  depths.  The  lava  speedily  reappeared  with- 
out apparent  obstruction,  and  has  since  then  risen  to  within 
about  300  feet  of  the  upper  rim  of  Halemaumau,  where  it 
formed  a  floor  of  remarkable  smoothness.    Perhaps  two  months 

•The  mound  referred  to  is  the  "debris-cone  "  which  occupied  the  interior  of 
Halemaumau,  the  pit  in  the  southwest  part  of  Kilauea. 
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ago  it  began  to  subside,  and  when  I  last  saw  it,  it  was  40  feet 
below  the  level  of  the  floor,  having  sunk  about  ten  feet  during 
five  days.  The  diameter  of  the  molten  lake  is  just  about  900 
feet,  and  that  of  the  floor  around  it  averages  1500  feet. 


A 

"55r 


Vertical  Section  of  Halemaumau,  April  13,  1892. 


GrouDd-plan  of  Halemaumau  in  the  southwest  part  of  Kilauea. 

Fig.  1  is  a  ground  plan  of  Halemaumau,  and  2,  a  section  of 
it,  as  it  existed  April  13,  1892.  In  each,  A  is  the  Fire-lake  of 
that  date  900  feet  in  diameter  ;  BB,  the  level  floor  of  blackish 
lava  around  the  lake,  about  40  feet  above  the  surface  of  the 
lake,  and  1500  feet  in  diameter ;  CO,  the  talus-slope  making 
the  chief  part  of  the  sides  of  the  pit ;  D,  section  of  the  outer 
rim  of  Halemaumau.  In  the  ground-plan,  fig.  2,  the  outer 
dotted  line,  is  the  outline  of  1886,  as  given  in  Dodge's  map; 
DDE),  depressed  areas  of  the  pit  of  that  date,  filled  up  by  over- 
flows of  1889,  1890,  40  feet  above  the  former  level ;  E,  section 
of  former  margin  of  the  pit  still  visible  above  recent  over- 
flows ;  F,  former  position  of  Dana  Lake. 

The  activity  of  the  lake,  relatively  to  its  area,  is  somewhat 
less  than  that  of  Dana  Lake    as  you  witnessed  it,  although 
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actually  several  times  as  great,  and  exhibiting  larger  single 
areas  of  violent  activity.  It  differs  materially  from  Dana  Lake 
in  the  distribution  of  its  action.  The  general  movement  of 
the  thin  crust  is  steadily  from  the  periphery  toward  the  center, 
where  there  is  the  greatest  action.  Long  seams  (fiery  cracks) 
open  near  the  outer  edge,  and  draw  inward,  crinkling  up  as 
they  progress,  until  they  become  interlaced.  An  open  area  of 
perhaps  two  acres  at  the  center  is  occupied  by  a  strong  current 
pouring  westward,  filled'with  fragments  of  crust  and  exhibit- 
ing sparkles  of  fire  with  a  multitude  of  small  jets  and  sprays. 
This  current  disappears  under  the  crust  that  extends  out  from 
the  west  side.  Near  the  eastern  edge  of  this  central  area  there 
is  a  powerful  fountain  which  did  not  intermit  its  action  a  single 
minute  during  several  visits  from  the  8th  to  the  13th.  Its 
movement  was  pulsating;  about  every  twenty  seconds  it 
welled  up  in  a  round  billow  varying  in  diameter  from  30  to  50 
feet,  and  from  20  to  35  feet  high.  There  was  no  explosive 
action,  or  spray,  except  what  was  caused  by  the  falling  back 
of  the  upheaved  fluid. 

A  similar  but  smaller  fountain  played  nearer  the  bank  at  the 
south.  This,  however,  at  my  last  visit,  had  exchanged  its  action 
for  a  more  violent  but  intermittent  one.  Occasionally,  and 
once  for  twenty  minutes  continuously,  an  area  of  150x40  feet 
was  occupied  by  a  violently  tossing  mass  of  surges,  from  15  to 
25  feet  high,  the  entire  summit  of  which  was  feathery  with 
spray.  A  similar  but  smaller  area  was  several  times  in  like 
action  northwest  of  the  center. 

The  great  regurgitating  and  explosive  fountains  under  the 
little  cliffs,  which  made  the  chief  displays  in  Dana  Lake,  were 
scarcely  to  be  found  here.  A  slight  occasional  action  of  that 
sort  was  noticed  at  two  points  at  the  northwest  edge. 

The  remarkable  fact  is  here  to  be  noted,  that  7W  vapor 
could  be  distinguished  without  careful  scrutiny.  Yroni  the 
Volcano  House,  a  column  of  very  faint  blue  haze  could  be 
observed  ascending,  having  the  diameter  of  the  lake.  In  the 
night,  this  column  of  vapor,  illuminated  by  the  fires,  was  more 
discernible.  But  from  the  edge  of  the  crater,  close  at  hand, 
it  could  barely  be  distinguished,  even  by  night.  I  spent  many 
hours  on  different  sides  of  the  crater,  once  walking  around  it, 
but  never  even  perceived  any  odor  of  fumes  when  at  the  edge, 
although  at  some  distance  from  it  and  all  over  the  floor  of 
Kilauea  many  crevices  were  emitting  sulphurous  fumes.  At 
the  present  time,  the  lava  seems  to  have  no  contact  with  old 
rocks  near  the  surface,  while  the  ducts  below  are  doubtless 
heavily  glazed,  like  those  we  saw  at  the  bottom  of  "  New 
Lake  "  in  '87. 

The  top  of  Halemaumau  crater  has  been  found  by  aneroid 
measurement  to  be  from  30  to  50  feet  higher  than  in  1886. 

Am.  Jour.  Soi.— Thiud  Series,  Vol.  XLIY,  No.  261.— September,  1892. 
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There  is  every  appearance  that  extensive  overflows  have  taken 
place  over  every  part  of. the  rim  since  you  were  there,  and 
there  can  be  no  doubt  of  a  great  accumulation  of  materiaL 
The  "  New  Lake  "  and  the  intervening  depression  are  totally 
obliterated.  The  high  promontory  west  of  "  New  Lake "  is 
lost  beneath  the  flood.  The  great  depression  at  the  south  is 
als<>  filled,  though  not  quite  to  the  general  level.  The  conical 
form  of  Halemaumau  has  become  very  distinct,  and  is  strongly 
appreciated  in  the  ascent  to  it  on  nearly  every  side. 

The  volcano  will  soon  be  very  accessible  for  tourists.  The 
Hilo  road  is  perfectly  graded  and  rolled,  and  will  probably  be 
completed  in  a  few  months,  when  the  drive  to  Kilauea  will  be 
one  wholly  of  pleasure.  The  new  hotel  is  a  superior  one, 
with  lodgings  for  70  guests.     Plans  are  in  progress  for  im- 

E roving  the  walk   over   the  lava.     The  whole  is  now  in  the 
ands  of  an  active  and  enterprising  corporation. 


Art.    XXVIII. — The  Devonian  System  of  Eastern  Pennsyl- 
vania; by  Charles  S.  Prosser. 

[Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

During  the  summers  of  1884  and  1890  personal  field  work 
in  southeastern  New  York,  taken  in  connection  with  an  oppor- 
tunity to  carefully  study  the  Devonian  exposures  of  this  sec- 
tion and  those  of  eastern  Pennsylvania  in  the  summer  of  1891, 
is  believed  to  have  furnished  important  data  toward  the  proper 
correlation  of  this  system  with  the  typical  Devonian  section  of 
central  New  York.  Numerous  sections  crossing  this  series  of 
rocks,  with  quite  a  collection  of  fossils,  have  been  made  in  the 
region  between  the  Lehigh  river  in  Pennsylvania  and  the 
northern  part  of  Green  county.  New  York.  A  single  section 
across  the  Devonian  terranes  of  this  district  will  be  briefly 
described  in  order  to  make  this  work  available  for  use  in  the 
construction  of  the  Appalachian  geological  maps  and  for  the 
purposes  of  general  correlation.  The  nection  along  the  line  of 
the  Delaware,  Lackawanna  &  Western  Eailroad,  crossing  Mon- 
roe county,  Pennsylvania,  is  considered  a  typical  section  and  it 
has  been  selected  for  the  subject  of  the  present  paper.  It  is 
no  more  than  just  to  state  that  the  geologic  structure  of  this 
region,  some  of  which  is  decidedly  complicated,  and  the  strati- 
graphic  position  of  the  formations  have  been  worked  out  and 
mapped  by  Professors  J.  P.  Lesley*  and  I.  C.  Whitef  in  an  ad- 

*  The  Geology  of  Pennsylvania,  vol.  i,  1858,  pp.  270>289.  For  a  statement  of 
Prof.  Lesley's  work  in  eastern  Pennsylvania,  see  2d  Geol.  Surv.  Penn.,  A,  p.  102 
and  ibid.,  G*,  pp.  xiv,  xx  foot-note. 

f  Ibid,  G^  The  Geology  of  Pike  and  Monroe  counties,  1882 
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mirable  manner,  the  ac- 
curacy of  which  has  been 
personally  tested  in  many 
localities. 

The  base  of  the  section 
is  the  Upper  Helderberg 
limestone  (Corniferous), 
which  is  well  exposed  in 
theD.  L.  &  W.E.E.cut 
one  mile  south  of  the 
East  Stroudsburg  station. 
The  railroad  cut  is 
through  an  anticlinal  fold 
and  near  the  center  the 
Cauda-galli  grit  is  ex- 
posed, the  limestone  at 
the  northern  end  of  the 
cut  being  overturned. 
The  Marcellus  shales  suc- 
ceed the  limestone,  one 
exposure  being  in  the 
railroad  cut  a  short  dis- 
tance south  of  the  sta- 
tion, and  another  along 
McMichaels  creek,  oppo- 
site Elizabeth  street, 
Stroudsburg.  Fossils  are 
not  generally  common, 
but  at  the  northeastern 
end  of  the  small  ridge 
north  of  Scott  street, 
Stroudsburg,  is  a  bluish- 
black  shale  in  which  they 
are  quite  abundant*  The 
following  species  have 
been  identified  from  this 
outcrop.  (U.  S.  Geol. 
Surv.,   No.  1475  B'). 

♦  This  locality  was  men- 
tioned by  Prof.  White ;  see  2d 
Geol.  Sury.  Penn.,  U*,  pp.  115, 
116. 
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1.  Leiovhynchiis  limitarU  (Van.)  Hall (an)* 

2.  i'honeies  mncronata  Hall («a) 

3.  Leiopteria  Imvia  Hall (c) 

4.  Styliola  fisaurella  Hall  (cj 

5.  Orthoceras  subulatum  Hall  (?) (r) 

6.  JPterinopecten  dignatits  Hall {rr\ 

I.  ?  Goniatites  sp \rT) 

About  half  a  mile  north  of  East  Stroudsburg,  another  anti- 
clinal fold  brings  to  the  surface  the  Comiferons  limestone  and 
then  there  are  no  more  noticeable  exposures  of  rocks  along  the 
railroad  until  a  point  is  reached  a  short  distance  north  of 
Oravel  Place.  At  this  locality,  about  two  and  one-half  miles 
from  Stroudsburg,  are  exposures  of  rather  coarse  arenaceous 
shales  on  the  northeast  side  of  the  railroad.  The  fossils  are 
quite  abundant,  especially  Vitulina  pusUdom  Hall.  The  fol- 
lowing species  were  found  at  this  place  (No.  1475  C  and  C*). 

1.  Vitulina  pustidosa  Hall (aa)  50  s])eciniens. 

2.  Amhocoelia  itmhonata  (Con.)  Hall (c\ 

3.  Phacops  raua  (Green)  Hall (r) 

4.  Splriftra  m  ucronata  (Con. )  Bill (r) 

5.  Chonetes  deflecta  Hall \r) 

6.  Spirifera  granidifera  Hull \p-) 

7.  Modioynorpha  subalta  (Con. )  Hall ! (/r) 

8.  Modiomorpha  concentrica  (Con.)  Hall  (?) (rr\ 

9.  IHerinea  flahellata  (Con.)  Hall \rr\ 

10.  PaliBone'do  constricta  (Con.)  Hall (rr) 

II.  Leiorhynchns  nndticosta  Hall {rr\ 

1 2.  Pleiirotomaria  sp (rr) 

1 3.  Crinoid,  calyx (rr) 

It  will  be  noticed  that  the  above  list  is  a  typical  Hamilton 
fauna  and  these  arenaceous  shales  and  thin  sandstones  make 
an  outcrop  nearly  one  mile  in  width. 

Near  the  top  of  the  above  zone  is  an  arenaceous,  slightly 
calcareous  shale  which  in  places,  especially  where  not  weath- 
ered, forms  a  massive  stratum  of  very  compact  rock.  There  is 
a  good  exposure  of  this  zone  by  the  side  of  the  Stroudsburg 
and  Spragueville  highway,  on  the  western  side  of  Brodhead 
creek  about  one  and  one-half  miles  below  Spragueville  and  a 
short  distance  south  of  Mr.  E.  Bonynge's  house  j  Fossils  are 
very  abundant  at  this  exposure,  especially  corals  and  crinoid 
stems ;  but  there  are  also  numerous  specimens  of  brachiopods. 

Fauna  of  No.  1475  C*. 

*  The  relative  abundance  of  the  species  is  indicated  as  follows : 
aa  =  very  abundant,  a  =  abundant,  cc  =  very  common,  c  =  common,  r  =  rare, 
rr  =  very  rare. 

fThis  locality  is  described  by  Prof.  White  in  G®,  pp.  109,  271  under  the  head- 
ing of  the  •'  Tully  Limestone  horizon." 
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1 .  Spirifera  sculptilis  Hall (//) 

2.  tSpiriferafimbriata  (Con.)  Hall* (a) 

3.  tSpiri/era  muci-onata  (Con.)  Bill (c) 

4.  Orthis  Vuftuxemi  Hall (c) 

5.  Nucleospira  concmna  Hall (r) 

6.  Athyris  spiriferoides  (Eaton)  Hall (<•) 

7.  Phacops  rana  (Green)  Hall (c) 

8.  Cypricardinin  indenta  (Con.)  Hall (c) 

9.  Ati-ypa  reticularis  (Linn.)  Dal (c) 

10.  (Jyrtina  hnmiitonensis  Hall (r) 

1 1.  IS'opidoleptus  curinaius  (Con.)   I  Tail (n 

1 2.  Chonetes  coronata  (Con.)  Hal  1 \rr'^ 

1 3.  Strophodonta  perplana  (Con.)  Hall  (V) (rr 

14.  Leiorhynchua  multicosta  Hall   (?) (rr) 

15.  Actinopteria  decussata  Hall  (?) (r) 

16.  Mytelarca  {Plithomytilus)  oviformis  (Con.)  Hall (rj) 

1 7.  Conocardium  sp .    - .  (rr) 

18.  Platyceras  sp (rr) 

Corals  anil  Bi  yozoa. 

This  horizon  is  especially  important  since  Professor  White 
considered  it  to  be  at  the  summit  of  the  Hamilton  stage 
and  to  represent  the  Tullj  limestone  of  New  York.  After 
describing  the  locality  from  which  the  above  species  were 
collected,  the  Professor  stated  "  There  can  be  little  doubt  that 
this  stratum  represents  the  Tully  limestone  horizon  of  the 
New  York  Reports,  and  it  thus  becomes  a  valuable  guide  in 
correlating  and  classifying  the  rocks  of  the  district."t  How- 
ever, when  this  zone  is  studied  carefully  it  will  be  noticed  that 
it  is  usually  a  calcareous  shale  or  sandstone,  instead  of  a  mas- 
sive limestone  and  does  not  lithologically  resemble  the  Tully 
limestone  of  central  New  York.  But,  far  more  important 
than  the  lithologic  character  of  the  zone,  is  the  fact  that  the 
fauna  therein  contained  is  composed  of  Hamilton  species, 
while  those  which  are  especially  characteristic  of  the  Tully 
limestone  are  absent.:]:  This  zone  appears  to  the  writer  to 
correspond  with  the  calcareous  layers  that  occur  in  the  midst 
of  the  regular  Hamilton  shales  of  central  New  York  rather 
than  with  the  Tully  limestone. 

While  considering  the  correlation  of  this  zone  it  is  impor- 

*  Sptri/er  fimbria lu8  Morton  was  proposed  la  1836,  this  Jour ,  vol.  xxijc.  p.  160, 
pi.  II,  fig.  1 ;  while  Conrad's  DeUhyris Jimbriatus  was  named  in  1842,  Jour.  Acad. 
Nat.  Sci.,  Philadelphia,  vol  viii.  p.  2GS.  S.  A.  Miller  in  1883.  "Jd  ed.  Am.  Pal. 
Fobs,  named  Conrad's  species  Spirifera  Conradana ;  but  in  this  paper  the  name 
bj  which  the  New  York  species  is  (generally  known  has  been  retained. 

tG«,  p.  109. 

X  Kor  a  list  of  the  New  York  Tully  fauna  with  a  discussion  of  the  species 
having  a  diagnostic  value,  see  a  paper  by  Prof.  U.  S.  Williams  on  "The  Cuboides 
zone  and  its  fauna;  a  discussion  of  methods  of  correlation,"  Bull.  Geol.  Soc. 
Am.,  vol.  i,  pp.  490-494. 


Digitized  by  VjOOQIC 


214  C  S.  Prosser — Devonian  System 

tant  to  recall  the  known  limit  of  the  eastern  extension  of  the 
Tally  limestone  of  central  New  York,  which  formation  was 
found  by  Vanuxem  in  Chenango  county  *'  at  the  northwestern 
part  of  Smyrna,  on  the  road  to  DeKuyter  village,  where  the 
road  crosses  the  west  branch  of  the  Chenango  [river]."*  In 
the  summer  of  1886  the  writer  studied  this  region,  and  near 
Upperville  in  Smyrna  township  reported  limestone  layers 
separated  by  calcareous  shales,  twenty-five  feet  in  thickness-f 
Farther  east  in  the  TJnadilla  valley  no  representative  of  the 
zone  was  found. 

One  fourth  mile  farther  north  than  the  outcrop  of  the  cal- 
careous, coral  zone,  the  highway  crosses  Brodhead  creek  and 
under  the  bridge  and  along  the  banks  of  the  stream  are 
exposures  of  ratlier  finely  ai'enaceous,  bluish  shales  which  are 
moderately  fossiliferous.  This  zone  is  easily  traced  in  the 
field  on  account  of  its  being  composed  of  thin,  dark-colored 
shales  which  succeed  the  coarse  arenaceous  shales  of  the 
middle  and  lower  Hamilton.  One  of  the  best  localities  for 
collecting  fossils  in  this  zone  is  in  the  gorge  of  the  Sawkill 
creek,  above  Milford,  Pike  county,  and  the  fauna  of  that 
station  will  be  given  for  this  horizon.  (See  fauna  of  No.  14767*.) 

The  outcrop  from  which  this  fauna  was  obtained  is  one 
of  the  typical  exposures  of  this  zone,  which  was  referred 
by  Professor  White  to  the  Genesee  shale.  The  fossils  came 
from  the  upper  part  of  the  zone  as  exposed  in  the  gorge  of 
the  Sawkill,  which  "rapidly  excavates  a  long  narrow  cailon 
out  of  the  Genesee  shale.^^X  While  under  the  description  of 
the  geological  formations,  Professor  White  says  that  "  the  top 
of  the  Hamilton  is  marked  off  everywhere  in  this  district  bv 
the  appearance  of  a  dark  sandy  fossil  slate  or  shale,  whicfc 
seems  to  be  identical  with  the  Genesee  hlack  slate  of  the  New 
York  Keports."§ 

A  geologist  familiar  with  the  Genesee  shale  of  central  and 
western  New  York  will  find  some  diflSculty  in  correlating 
this  zone  with  the  New  York   Genesee.     These  shales  have 


*  Geol.  New  York,  Pt.  Ill,  1842,  p.  292.     Also,  see  p.  164. 

iProc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxvi,  1887,  p.  210. 
G«,  p.  199. 

^Ibid..  p.  107.  Professor  Lesley  called  these  shales  Genesee  in  the  explana- 
tion of  the  geological  structure  of  Monroe  Co.,  Report  X,  1885.  p.  Ixxz. 

Mr.  Arthur  Winslow  in  his  work  along  the  Lehigh  river  named  the  continua- 
tion of  these  shales  Genesee,  and  mentioned  them  particularly  at  Weis8port{Ann 
Kept.  Geol.  Surv.  Penn,,  1896.  Pt.  IV,  pp.  1365,  1367,  1371).  Also,  see  Winslow's 
map  and  section  from  exposures  along  the  Lehigh  river,  sheet  No.  3.  In  the 
continuation  of  the  Lehigh  section  down  the  river  by  Mr.  Frank  A.  Hill,  similar 
shales  are  called  Genesee  {Ibid.  pp.  1373.  1374).  A  considerable  collection  of 
fossils  was  made  from  near  the  Weissport  station  of  the  Central  Railroad  of  New 
Jersey,  and  from  the  R.  R.  cut  above  Bowmans;  the  lithologic  character  of  the 
shale  and  the  fauna  is  about  the  same  as  in  the  exposures  of  the  same  sone 
farther  northeast  in  Monroe  and  Pike  counties. 
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Fauka  op  No.  1476  F*;  with  table  op  Geologic  Range. 


List  of  Species. 


e 


Geologic  Stage.* 

1 

is 

1   09 

1 

< 

Oriskany. 
Schoharie  grit. 
Upper  rielderberg. 
Marcelhis  shale. 
Hamilton. 
TuUy  limestone. 
Genesee  shale. 
Portage. 
Ithaca. 

f 

a 

X ? 

X 

-- 

1  Nueula  corbuH/ormis  Hall a 

2  TeUinopsis  wbemarf/inaia  (Con.)  Hall... 
S  PaloBoneilo  constricta  {Cob.)  Hfkii c  x....    x    x.. 

4  NuctUiies  triqueter  Con c  ?  x .. 

5  Modiomorpha  mytiloides  (Con.)  HbM c  x 

6  Phacops  rana  (Green)  Hall c  -.   --    ?     x  x    x x 

1  OJumetes  mucronata  HaW c  --..    x    x  x 

S  Hyolithes  aclis  HaW c  x  ..   ..    x    ..    .. 

9  Fieurotomaria  Jtys  BaM c  ..-.--..  x 

10  Nuculites  oblongatua  Con r  x  ..   ..    x    ..    .. 

11  .S^»n/era;fm6na/a  (Ck)n.)Bill r  x    x    x    ..  x  x    _.   ..    x    x 

12  FaicBoneiio  muta  U&W rr  x 

13  Leda  diversa  HsM rr  x 

14  Leda  rostella'a  (Con.)  Hall rr ..  x  ..   ..    x    ..   .. 

15  Orihonota  carinata  Con rr  x 

16  Prothyrts  lanceolata  HrW rr  x  ..   ..    x    ..   .. 

11  Pholadella  radiaia  {Con.)  \ia\\ ?t  x x    ., 

IS  Ooniopharacarinata {Con,)  HeA\  {7) j-r x    ..   .. 

19  Mbdiella  pygmoBa  {Con  )  Ha\\ tr  x 

20  Orthonota  {?)  parvula  Hall rr  x 

21  Atkyris  spiri/eroides  {E8iU>n)  HbW rr  ....    x    ..  x 

22  ThropidoUptua  carinatua  {Con.)  l\a]\ rr  x  ....    x    _-x 

23  AmboccBlia  umbonata  (Con.)  HaW rr  x  xx     x..    x     ? 

24  CoUolus  lenuicinrtum  Hall rr  x 

2b  Loxonema  delphicola  Hall  (?) rr  x 

26  BeUerophon  leda  \la\\ rr  x 

27  Dalmaniteg  {Cryphaus)   Booth i  (Green j 

Hall,  possibly  the  var.  ca/Ztfefe«  Green  rr  ..    ..    x     x  x     x 

28  0r(Afx:^a5  Bp.  fragments rr  

29  Spiri/era  granuli/era  HaW  (1) rr  x 

30  Grammysia  lira ta  HaU  1) rr  x 

31  Cyclonema  hamiltonuB  HaW  [1) rr  x 

32  BeUerophon  brevilineatits  Con.  {'I) rr  x 

*  The  data  u^ied  in  showing  the  geologic  range  of  the  species  in  the  above  list 
are  derived  principally  from  the  various  works  of  Professors  Hall,  H.  S.  Williams, 
and  Clarke,  and  the  distribution  is  confined  mainly  to  New  York.  The  reported 
occarrence  of  certain  species  farther  south  along  the  line  of  the  Appalachians  is 
intentionally  left  out  of  consideration,  until  further  investigation  shall  enable  us 
to  compare  their  stratigraphic  position  and  faunas  more  carefully  with  the  New 
York  series.  Consequently  ihe  range  of  each  species  is  based  upon  references 
concerning  the  reliability  of  which  there  is  believed  to  be  no  question,  or  upon 
data  that  are  personally  known  to  be  accurate  This  is  a  principle  that  is  fre- 
quently ignored  in  the  preparation  of  large  tables  of  distribution  and  range  of 
species. 
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very  little  litholo^ic  resemblance  to  the  Genesee  and  the  list 
of  fossils  given  above  shows  that  the  fauna  is  not  that  of  the 
Genesee,  but  rather  one  of  the  Upper  Hamilton  stage.  Only 
one  species  of  the  list  identified  from  the  upper  shale  of  the 
Sawkill  cafion  has  been  reported  from  the  Genesee  shale  of 
New  York,  viz  :  Avibocoelia  umhonata  (Con.)  Hall.* 

In  central  New  York  the  Genesee  shale  does  not  extend 
much  farther  east  than  the  Tully  limestone.  Near  Smyrna 
the  writer  found  black,  argillaceous  shales  some  twenty  feet 
in  thicknessf  and  Vanuxem  reported  it  farther  east  at  North 
New  Berlin,J  now  New  Berlin.  In  1883  the  exposures  along 
the  valley  of  the  Unadilla  river  to  New  Berlin  and  then 
across  the  hills  to  Oneonta  were  carefully  studied;  but  no 
evidence  was  found  of  the  Genesee  black  shale  or  its  fauna. 

The  rather  fissile  Genesee  (?)  shales  are  succeeded  by  coarser, 
arenaceous  shales  alternating  with  sandstones  of  moderate 
thickness.     The  sandstones  are  slightly  greenish-^ray  in  color, 

?[uite  micaceous  and  in  lithologic  appearance  decidedly  (lif- 
erent from  the  darker  and  more  argillaceous  shales  below. 
Fossils  are  not  common  in  this  zone,  but  occasionally  occur 
abundantly  in  thin  layers.  In  the  ledges  along  the  hillsides 
east  of  the  highway,  and  by  the  side  of  the  county  road,  just 
above  the  D.  L.  &  W.  R.  E.  crossing,  about  one-half  mile 
south  of  Spragueville,  are  exposures  of  these  arenaceous  shales 
containing  fossils. 

The  fauna  of  No.  1475  C^'''"*^  is  as  follows : 

1.  PfflcBoneilo  plaiia  Hall (a) 

2.  Nuculites  oblongatus  Con (a) 

3.  FaloBoneilo  emartfinata  (Con.)  Hall  (?)  var (c) 

5.  Spirifera  mesastrialia  Hall (c) 

(J.  (?)  Actinopteria  cf .  Boydi  Hall (c) 

7.  Nifculites  cf.  cuneifornns  Con .' (c) 

8.  Prothyris  lanceolata  Hall (r) 

9.  Microdon  {Cypricardella)  gregarius  Hall (r) 

10.  Spirifera  mesacostalis  I  lall (r) 

11.  Ortho7iota{f)  purvula  HqW  {^) (rr) 

1 2.  Nucida  corbidiformis  Hall (rr) 

1 3.  Trojndoleptua  carinatua  (Con. )  Hall (rr) 

1 4.  Hom(donotus  De  Kayi  (Green)  Em \rr) 

16.  Leptodesma  Rogersi  Hall  (?) (rr) 

The  rocks  from  which  the  above  fauna  was  obtained  are  a 
typical  exposure  of  those  which  have  been  called  Chemung  by 

*Dr.  J.  M.  Clarke  in  1883  f^ave  a  list  of  fifty-five  species  that  bad  been  found 
in  tbo  Genesee  shale  of  New  York  (Bull.  U.  S.  Geol.  Surv.,  No.  16.  pp.  33,  69, 
70).  To  this  fauna  he  has  since  added  additional  species;  see,  Am.  Geol.,  vol. 
viii,  August  1891,  pp.  88-91. 

f  Proc.  Am.  .^ssoc.  Adv.  Sci.,  vol.  zxxvi,  p.  210. 

X  Geol.  New  York,  Pt.  Ill,  p.  292. 
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Professor  I.  C.  White  in  eastern  Pennsylvania.  In  describing 
this  exposure  Professor  White  said :  "  Along  the  county  road, 
abont  one-half  mile  below  Spragneville,  the  Chemvny  rocks 
are  seen  in  cliflFs  of  gray,  fine-grained  sandstone,  quite  fossil- 
iferot^f^*  and  in  his  account  of  the  geologic  formations  he 
further  stated  that  *'It  was  impossible  to  identify  any  of  the 
beds  between  the  base  of  the  Vaiskill  and  the  top  of  the  llam- 
ilton  with  the  Portaae  seHes  of  other  portions  of  Pennsyl- 
vania, either  on  lithological  or  paleeontological  grounds,  and 
hence  I  have  applied  the  name  Chemung  to  the  entire  interval, 
preferring  to  regard  the  Portage  series  as  absent  from  this 
district/'f  Several  reasons  are  given  for  this  correlation,  that 
of  first  importance  being  '^The  occurrence  of  characteristic 
Chemung  fossils  throughout  the  entire  interval.":}:  Later,  in 
describing  the  geology  of  the  Susquehanna  river  region,  Pro- 
fessor White  stated  that  probably  the  beds  in  the  lower  part 
of  the  Chemung  "  are  the  equivalents  of  the  Portage  heds  in 
New  York  ;"§  and  in  a  letter  dated  February  22,  i892,  empha- 
sizes the  fact  that  he  wishes  the  above  statement  to  apply  to 
Monroe  and  Pike  counties,  and  that  the  lower  part  of  the  ter- 
rane  balled  Chemung  in  those  counties  corresponds  to  the 
Portage  of  New  York. 

The  fauna  of  this  formation  is  not  characteristic  of  the  Che- 
mung stage  of  southern  central  and  western  New  York,  or 
even  of  the  highest  fossiliferous  pre  Carboniferous  rocks  of 
sonthern  Pennsylvania  and  western  Maryland.  On  the  con- 
trary it  is  a  modified  Hamilton  fauna,  similar  to  the  faunas 
that  occur  in  central  and  eastern  New  York  in  the  Portage, 
especially  after  the  Tully  limestone  and  Genesee  shale  have 
disappeared.  It  hardly  seems  to  be  so  late  as  the  "  Ithaca 
group,"  but  rather  approaches  the  earlier  modified  stages  of 
the  Hamilton  fauna,  as  possibly  the  Paracyclas  lirata  stage  of 
Professor  H.  S.  Williams,  which  is  found  well  developed 
above  the  horizon  of  the  Genesee  shale  at  Oneonta  and  Nor- 
wich in  central  New  York.|| 

It  is  true  that  Spirifera  disjuncta  Sow.  is  reported  from 
this  formation  ;T[  and  if  the  specimens  were  correctly  identi- 

*G«,  p.  272.  t  I^id.,  p   104.  %  Ibid.,  p.  104. 

$^  G'.  I88:«.  p.  68 ;  and  see  pp.  70  and  228  for  similar  statements. 

I  See  Prof.  H.  S.  Williams,  Proc.  Am.  Assoc.  Adv.  Sci..  vol.  xxxiv.  p.  225  and 
chart;  and  Prosser.  ibid.,  vol.  xxxvi.  p.  '210.  This  fanna  characterized  the 
Oneonta  group  of  Conrad  (not  Vanuxem,  who  applied  the  same  name  to  tlie  over- 
lying gjay  and  red  sandstones  and  shales)  which  was  composed  of  bluish  shales 
with  some  sandstones  and  abundantly  fossiliferous.  The  zone  is  well  exposed  in 
the  quarry  at  the  foot  of  the  hill  west  of  Oneonta,  at  Norwich  in  the  quarry 
near  the  reservoir,  and  in  the  lower  part  of  the  high  hill  west  of  the  village. 
For  Conrad's  description  of  the  "group"  see  Ann.  Geol.  Kept..  N.  Y.  1841,  pp. 
30,  31,  50,  53. 

1[G«,  p.  105. 
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fied  that  would  be  almost  conclusive  proof  of  its  Chemung 
age.  But  the  writer  has  failed  to  find  this  species  on  the 
eastern  side  of  the  Pocono  and  Catskill  mountains  and  is  in- 
clined to  think  that  Spirifera  inesaatriaZia  Hall,  an  allied 
species  which  is  not  uncommon,  is  the  one  reported  for  S, 
disjuncta^  especially  since  the  Cascade  section  of  Susquehanna 
County,  Penn.,  has  been  reported  to  contain  "well-known 
Chemung  shaly  and  flaggy  strata  full  of  Spirifera  disjuncta.^^* 
When  the  section  was  examined  in  company  with  Professor 
H.  S.  Williams  it  was  found  that  the  common  species  was  S. 
jnesastrialisj  which  had  evidently  been  mistaken  for  the  S, 
di8Ju7icta,f 

After  considerable  field  work  in  southeastern  New  York  and 
northeastern  Pennsylvania,  the  conclusion  is  reached  that  the 
marine  faunas  terminated  either  slightly  in  advance  or  soon 
after  the  appearance  of  the  Chemung  stage.  In  central  and 
southern  Pennsylvania  and  western  Maryland,  the  conditions 
seem  to  have  been  more  favorable  and  Spirifera  disjuncta 
with  other  Chemung  species  occurs  in  rocks  which  are  strati- 
graphically  equivalent  to  the  unfossiliferous  beds  farther 
toward  the  northeast  The  geological  collections  of  Johns 
Hopkins  University  contain  a  lew  specimens  of  Spirifera  dis- 
juncta from  near  Cumberland,  Maryland,:):  and  Professors 
Claypole,§  White,||  Stevenson,T^  Ashburner,**  and  Meekff 
have  reported  the  species  from  a  number  of  localities  in  Penn- 
sylvania and  Virginia. 

These  shales  and  sandstones  of  the  Chemung  series,  which 
contain  the  highest  fossil  shells  seen  by  Professor  White,  are 
succeeded  by  greenish-gray,  thick-bedded  sandstones— the 
Starucca  sandstone  of  Prof.  White — which  at  that  time  he 
considered  the  base  of  the  Catskill4t     Later,  Professor  White 

♦G»,  p.  78. 

fSee  the  remarks  on  the  Cascade  section  by  Prof.  Williams,  who  states: 
"  When  I  examined  the  section  I  found  no  trace  of  several  of  the  species  cited, 
and  only  rare  and  imperfect  specimens  of  Spirifera  disjuncta  and  the  last  stage 
with  Rhynchonella  contracta ;  but  all  the  mass  of  the  fauna  was  Spirifera  mes- 
aairialis  and  its  legitimate  associates,  which  is  a  lower  fauna  belonging  to  the 
more  eastern  part  of  this  general  area.  The  difference  between  the  two  Spirt- 
feras  appears  at  first  glance  slight ;  but  they  are  clearly  distinct "  (Proc.  Am. 
Assoc.  Adv.  Sci..  vol.  xxxiv.  p.  231). 

X  See  list  of  Chemung  fossils  from  Maryland  by  Charles  R.  Keyes  in  Johns 
Hopkins  Univ.  Circulars,  vol.  xi,  December,  1891,  p.  29;  which  specimens 
through  the  courtesy  of  Dr.  W.  B.  Clark  have  been  personally  examined. 

§FSpp.  74,  77,  289,  291. 

|T».  pp.  98.  183,  194. 

tT^  pp.  76,  80,  133,  212,  214,  216,  225,  226;  and  Amer.  Geol ,  ?ol.  ix.  pp.  10 
26. 

**P,  pp.  221,  225. 

tt  Bull.  Phil.  Soc ,  Washington,  vol.  li,  Appendix,  Art.  viii,  p.  34. 

ti  G*.  pp  102,  103.  See  GS  1881,  pp.  59,  70,  73  and  fig.  10  on  p.  77  for  the 
original  description  of  this  zone. 
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states  "  it  seems  probable  that  the  600'  of  grayish  green  beds 
at  the  top  of  the  Ghefraung  in  Pike  and  Monroe  which  in  G* 
were  referred  to  the  Gatskill,  under  the  name  of  Sianicca 
iedSy  may  be  the  equivalent  of  a  portion  of  the  Upper  Chemung 
of  this  district  [Susquehanna  river  region],  and  therefore 
erroneously  referred  to  the  Catskill  in  G"."*  In  the  letter 
mentioned  above  Professor  White  writes  that  600'  of  sand- 
stones which  in  G"  were  put  in  the  Catskill  should  be  added  to 
the  Chemung.  Eeferring  to  the  difficulty  in  separating  the 
Chemung  and  Catskill  the  Professor  says,  "  I  think  the  only 
]K>S6ible  separation  of  Chemung  and  Catskill  is  that  founded 
upon  physical  characteristics  and  in  my  opinion  we  should 
separate  them  at  the  horizon  of  the  lowest  red  beds,  for  these 
seem  to  come  in  at  about  the  same  general  zone  everywhere, 
and  it  is  the  only  possible  means  of  separation."  The  Starucca 
sandstone  is  well  exposed  at  Spragueville  and  in  the  first  D. 
L.  &  W.  K.  K.  cut  north  of  the  station. 

The  second  railroad  cut,  just  north  of  the  Brodhead  creek 
railroad  bridge,  is  in  the  New  Milford  red  shale,  which  is  now 
regarded  by  Professor  White  as  forming  the  base  of  the  Cats- 
kiJl.  The  red  shales  alternate  with  gray  shales  and  sandstones 
as  far  as  the  "  High  Bridge  "  over  the  West  Branch  of  Brod- 
head creek  where  the  Delaware  river  flags  of  White  are  reached.f 
At  the  southern  end  of  the  first  railroad  cut  north  of  ''  High 
Bridge,"  in  the  lower  part  of  the  Delaware  flags,  a  greenisn- 
^ay  sandstone  contains  many  impressions  of  Orthonotai^) 
parvula  Hall,:j:  a  species  that  occurs  in  the  upper  Hamilton 
shales  of  Schoharie  county.  New  York,  as  well  as  frequently 
in  the  argillaceous  Hamilton  shales  of  central  and  western  New 
York.  There  is  also  a  breccia  which  contains  fragments  of 
brachiopod  shells  and  fish  bones.  At  the  northern  end  of  the 
cut  are  coarse,  grayish,  arenaceous  shales  in  which  fern-stipes 
occur,  and  one  poorly  preserved  frond  of  ArchcBopteris  minor 
LiX.  (?)  was  found. 

The  Delaware  flags  are  succeeded  by  the  Montrose  red 
sliale  in  the  vicinity  of  Henryville,§  and  overlying  these 
shales  are  the  Honesdale  sandstones.     Near  the  transition  from 

*Gs  p.  73.  tSeeG«,  p.  100. 

X  Dr.  Charles  E.  Beecher  has  seen  these  specimens  and  ag^rees  with  the  above 
identification.  Dr.  J.  M.  Clarke  has  kindly  compared  some  of  the  specimens  with 
the  types  in  the  New  York  State  .Museum  at  Albany,  and  writes:  "I  see  no 
reason  why  the  shells  in  question  should  not  be  regarded  as  Orthonota  (?)  parvula 
in  accordance  with  your  identification ;  I  have  compared  them  with  the  types  of 
O.  (?)  parvula  and  can  find  no  distinctive  characters." 

§  From  the  railroad  cut  in  the  red  shale,  just  south  of  Henry ville  station, 
Prof.  White  reported  Archoeopteris  Jacksoni  Dn.  (G*,  pp  103,  :^20).  No  speci- 
mens were  found  by  the  writer  and  the  only  fossils  seen  in  the  shale  were 
fucoidal  (?)  fragments,  which  are  frequently  seen  in  the  red  shales  of  the  Che- 
mung and  Catskill. 
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White's  Montrose  shale  to  the  Honesdale  sandstones,  as  ex- 
posed along  the  D.  L.  &  W.  R.R,  occurs  the  highest  fauna 
that  has  yet  been  found  in  Monroe  and  Pike  counties.  Above 
these  shells  no  fossils  were  seen  in  the  higher  rocks,  excent 
undeterminable  fragments  of  plants.  The  shells  occur  in 
some  greenish,  argillaceous  shales,  about  one  and  one-half  feet 
above  red  shales,  at  the  northern  end  of  the  second  railroad 
cut  north  of  Henrjville.  Several  good  specimens  of  Spirifera 
mesdatrialis  Hall  were  found  and  one  of  Leda  diversa  Hall(?). 
Spirifera  mesastricdis  which  is  reported  from  the  Hamilton  of 
Schoharie  coilnty.  New  York,*  is  an  abundant  and  well  known 
species  of  the  middle  zone  of  the  "Ithaca  group  "  at  Ithaca 
and  is  also  found  in  the  lower  Chemung  farther  south  in 
southern  central  New  Yorkf  and  northern  Penn8ylvania,J 
while  Leda  diversa  is  a  Hamilton  species  of  eastern  and  cen- 
tral New  York.  The  fossils  seem  to  indicate  that  these  shale» 
are  hardly  younger  than  the  lower  Chemung  and  they  might 
be  still  older,  since  the  specimens  of  Spirifera  mesastrialis  do 
not  appear  to  be  the  variety  which  is  found  in  the  lower 
Chemung  of  southern  New  York ;  but  on  the  contrary  the 
form  found  in  the  older  rocks  of  the  Portage.  The  nearest 
correlation  to  the  above  is  that  of  Professor  Stevenson  in  his 
Vice-Presidential  address  before  Section  E  of  the  American 
Association,  in  1891,  when  he  drew  the  line,  separating  the 
Catskill  from  the  Chemung,  between  the  Montrose  sandstone 
above  and  the  Montrose  red  shale  below,§  which  is  at  a  part  of 
the  series  not  distant  from  the  horizon  in  which  the  Spiriferas 
were  collected  above  Henryville. 

Above  this  horizon  coaree,  gray  sandstones  and  shales  alter- 
nate with  reddish  shales.  A  thick  mass  of  the  red  shale  is 
well  exposed  in  the  railroad  cut  just  west  of  Oakland.  The 
cut  below  Mt.  Pocono  shows  coarse,  gray  sandstone  with  frag- 
ments of  fossil  plants,  thin,  bluish,  argillaceous  shales,  breccia 
and  red  shales,  while  in  places  the  coarse  gray  sandstone  con- 
tains quartz  *pebbles  and  is  probably  near  the  horizon  of  Pro- 
fesssor  White's  Cherry  Ridge  conglomerate,  about  500  feet 
below  the  top  of  the  Catskill. ||  In  general  structure  and 
lithologic  appearance,  these  rocks  are  very  similar  to  the  typ- 
ical Catskill  of  the  Catskill  Mountains. 

On  the  summit  of  the  Pocono  plateau,  about  two  and  one- 
half  miles  north  of  Tobyhanna,  is  a  massive  conglomerate 
which  is  considered  by  Professor  White  as  the  Mt.  Pleasant 
conglomerate  at  the  base  of  the  Pocono.  1[ 

*Geol.  Surv  N.  Y.,  Palaeontology,  vol  iv,  Pt.  T,  p.  417. 

f  Bull.  U  S.  Heol.  Surv.,  No  3,  pp.  17.  22.  2  4. 

i  Proc.  A.m.  .\gsoc.  Adv.  .Science,  vol.  xxxiv,  p.  231. 

§  .Am.  Geol-.  vol.  U.  p.  14.  |  G*,  p.  78.  foot  note. 

*;  G«,  pp.  90,  329. 
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Conclusions. — As  a  result  of  this  investigation  no  change  is 
suggested  for  the  Lower  Devonian — the  Cauda-galli  grit  and 
Upper  Helderberg  (Corniferous  limestone).  In  the  Middle 
Devonian  the  Marcellus  is  generally  clearly  defined,  except  in 
the  upper  part  where  it  changes  rather  gradually  from  the 
argillaceous  to  the  more  arenaceous  shales  of  the  overlying 
Hamilton  stage.  The  Hamilton  as  mapped  and  defined  con- 
sists mostly  of  rather  coarse  arenaceous  shales  and  thin  sand- 
stones ;  but  to  these  possibly  should  be  added  the  calcareo- 
arenaceous  zone  (called  Tully  limestone)  and  the  black, 
fossiliferous  shales  above  (called  Genesee).  It  is  shown  that 
the  so-called  Tully  and  Genesee  stages  do  not  agree  with  the 
Kew  York  formations  in  either  lithologic  or  paleontologic 
characters.  After  the  disappearance  of  the  Tully  limestone 
and  Genesee  black  shale  in  central  New  York  there  is  very 
little  evidence  of  their  reappearance  in  eastern  New  York. 
Therefore  the  correlation  of  the  zones  in  Pennsylvania  with 
these  New  York  formations  is  considered  as  open  to  discus- 
sion. The  Chemung  series  contains  a  modified  Hamilton 
fauna  similar  to  that  in  the  lower  Portage  of  central  New 
Y'ork,  after  the  disappearance  of  the  Tully  limestone  and 
Genesee  shale.  Above  this  fauna  are  the  Starucca  sandstones, 
the  New  Milford  red  shales,  the  Delaware  flags  with  Ortho- 
notai^) parvula^  and  the  Montrose  shales  in  the  upper  part  of 
wliich  Sinrifera  nxesastrialis  and  Leda  diversa  (?)  occur. 
These  fossils  seem  to  indicate  that  up  to  this  horizon  this  series 
of  rocks  may  not  be  of  later  geologic  age  than  the  lower  part 
of  the  Chemung  stage.  From  the  above  statement  the  inabil- 
ity to  indicate  any  sharp  dividing  line  between  the  Catskill 
and  Chemung  series,  or  the  Chemung  and  Portage  stages,  will 
be  readily  understood. 

Acknowledgment  is  due  to  Mr.  Charles  D.  Walcott,  Chief 
Paleontologist  of  the  U.  S.  Geological  Survey,  and  to  Professors 
H.  S.  Williams  of  Cornell  University,  I.  C.  White  of  West 
Virginia  University,  and  Lester  F.  Ward  of  the  U.  S.  Geologi- 
cal Survey  for  suggestions  and  advice  in  this  work. 

U.  S.  Geolojfical  Survey,  May,  1892. 


Art.  XXIX. — On  the  Cm-nicm' Mercuric  Ilalides ;  by  H.  L. 

Wells. 

It  is  to  be  expected  that  more  complete  series  of  double- 
halides  can  be  made  with  csBsium  than  with  the  other  alkali- 
tnetals,  because  it  is  the  extreme  member  of  the  potassium 
group  and  the  most  electro-positi  ve  element  known,  and  because 
csesium  double-salts  in  general  are  less  soluble  than  the  corre- 
sponding compounds  of  the  other  alkali-metals.     A  thorough 
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study  of  these  compounds  seems  desirable  since  very  little  work 
has  been  done  in  this  direction,  and  therefore  the  present  in- 
vestigation of  the  ceesium-mercaric  chlorides,  bromides  and 
iodides  has  been  undertaken. 

The  following  is  a  complete  list  of  the  previously  described 
mercnric  double-halides  containing  the  alkali-metals  and  ammo- 
nium, as  far  as  I  have  been  able  to  find  them  : 

RbHff.Cr 


Br 


Dr.H,0 
.2H,0 

r.3H.o 


NH.HgCI. 

RbHsCi, 

KHsBr. 

NHiHgCL.iH.O 

KHgCI,.H,0 

KH?Br,.H,0 

NaHgCi, .  UH,0 

NH.Hgl,.liH,0 

KHgI..UH,0 


KHffrui. 


2H.0 


{NH.),Hg.C1..4H,0 


(NH.),Hg.Cl, 


The  greater  number  of  these  arrange  themselves  into  two 
types  with  varying  water  of  crystallization  or  with  none.  There 
are  two  compounds  of  a  third  type,  while  the  two  remaining, 
more  complicated  salts,  stand  alone.  The  last  two  were  de- 
scribed by  Holmes.* 

An  effort  has  been  made  to  make  the  examination  of  the 
caBsium-mercuric  salts  very  complete,  but  it  is  not  safe  to  say  that 
every  possible  compound  has  been  prepared,  for  negative  re- 
sults are  uncertain.  It  will  not  be  necessary  to  describe  the 
unsnccessf  ul  experiments  where  mixtures  or  uncertain  products 
were  obtained.  It  is  suflScient  to  say  that  other  double-halides 
were  repeatedly  looked  for  in  every  direction,  and  every  indi- 
cation of  a  new  salt  was  followea  up  until  a  homogeneous 
product  was  obtained  and  analyzed. 

The  following  table  gives  a  list  of  the  salts  that  are  to  be 
described.  One  of  them,  Cs,HgCl„  has  already  been  prepared 
by  Godeflfroy.f 

I.    "  II.  III. 

CI,  Cs^HgCl,  CsHgCU 

Br,  Cs.HgBr,  CsHgBr,! 

r,  Cs,HgI,  CsHgl. 

Cl.Br,  Cs,HgCl,Br,        .         CsHgClBr.t 

Br,I,  Cs,HgBrJ4  CsHgBrl. 

Cs.HgCl.!, 
IV.  V.  VI. 

CsHg,Cl,  CsHg,Cl„ 

CsHg,Br, 
Cs.Hg,!.  CsHgJ, 

CsHg.ClBr, 


♦  Chem.  News,  v,  351. 

X  These  compounds  are  dimorphous. 


CsHg.ClBr,, 

t  Berichte,  viii,  9. 
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These  salts  confirm  the  composition  of  all  the  previously 
known  alkaline-mercuric  halides,  as  riven  in  the  preceding 
table,  except  the  single  compound  (NH^),Hg,Cl,,.  It  is  ex- 
tremely probable,  however,  that  the  correct  formula  for  this  is 
NH^Hg^Clj,,  for  Holmes  obtained  results  slightly  lower  than 
his  theory  in  his  ammonium  determinations,  and  it  would  be 
scarcely  possible  to  distinguish  between  the  two  formulas  by 
analysis,  as  will  be  seen  from  the  following  numbers  : 

Calculated  for  Calculated  for 

(NH4)«Hg»Cl3o-  NHfHgBClii.  DiffereDces. 

Mercury 70-70  71-00  0-30 

Ammonium 1-41  1-27  0*14 

The  differences  between  the  amounts  of  mercury  and  cassium 
for  the  corresponding  formulas  are  080  and  0  85,  so  that  it  is 
evident  that  the  caesium  compound  furnishes  a  far  better 
means  of  determining  the  composition  of  the  salts. 

The  first  type,  CsjTlgHl,,  is  a  new  one.  These  compounds 
are  interesting  as  exceptions  to  Eemsen's  law  concerning  the 
composition  of  double-halides.* 

The  salt  Cs.HgJ^,  although  standing  alone  among  the  caesium 
compounds,  is  a  very  well  characterized  body,  and  the  com- 
pound (NHJ.Hg.Olg .  4H,0,  made  by  Holmes,  belongs  to  the 
same  type. 

The  results  of  the  work  on  the  csBsium-mercuric  salts  fulfill 
the  expectations  concerning  the  value  of  csesium  as  a  means  of 
studying  alkaline  double-halides,  for  all  the  previously  discov- 
ered types  have  been  made  with  this  metal,  and  one  besides 
that  had  never  been  discovered. 

Preparation. 

The  compounds  were  made  by  dissolving  mercuric  halides  in 
hot  solutions  of  caesium  halides  and  cooling,  or  in  some  cases 
evaporating  at  ordinary  temperatures,  to  crystallization.  The 
relative  amounts  of  the  two  nalides  and  the  dilution  both  have 
an  important  influence  in  determining  the  salt  produced.  In 
most  cases  dilution  with  water  is  equivalent  to  the  addition  of 
mercury,  while  concentration  produces  the  same  effect  as  the 
addition  of  a  caesium  halide.  It  has  been  noticed,  where  more 
than  one  salt  is  deposited  from  a  solution  by  cooling,  that  the 
salts  with  more  mercuric  halides  are  formed  first.  This  shows 
that  cooling  a  solution  may  be  equivalent  to  the  addition  of 
caesium. 

There  are  only  a  few  of  the  salts  that  can  be  recrystallized 
unchanged  from  water,  most  of  them  requiring  the  presence  of 
an  excess  of  caesium  halide,  or  in  two  or  three  cases  mercuric 

*  Am.  Cbem.  Jour.,  zi,  296;  xiv,  85. 
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halide,  for  their  formation.     Crystallization   from  water  can 
therefore  often  be  used  for  preparing  one  salt  from  another. 

All  the  compounds  were  made  with  solutions  of  the  normal 
salts  without  the  use  of  acids.  Some  of  them  have  been  made 
with  alcoholic  solutions,  but  this  solvent  has  not  been  found  to 
possess  any  advantages  except  for  preparing  OsHgJj. 

A7ialytical  Methods, 

The  salts  were  always  carefully  examined  to  be  sure  that  they 
were  not  mixtures.  Many  mixed  crops  of  crystals  were  ob- 
tained, but  I  am  confident  that  the"  products  analyzed  were 
pure.  The  crystals  for  analysis  were  always  quickly  and  thor- 
oughly freed  from  the  mother-liquor  by  pressing  repeatedly 
between  smooth  filter-papers,  and,  at  the  same  time,  they  were 
crushed  to  remove  included  liquid.  During  this  drying  process 
the  substances  were  exposed  to  the  air  as  little  as  possible  to 
avoid  any  evaporation  of  the  adhering  liquid  before  its  removal. 
After  the  products  had  been  dried  as  thoroughly  as  possible  in 
this  way,  they  were  usually  exposed  to  the  air  for  an  hour  or 
two  to  remove  the  last  traces  of  moisture,  but  this  was  not  done 
in  a  few  cases  where  I  wished  to  be  certain  that  no  easily-lost 
water  of  crystallization  was  present. 

Portions  of  about  one  gram  of  substance  were  usually  taken 
for  analysis  In  no  case  was  the  analysis  hampered  from  lack 
of  material.  The  chlorides  and  bromides  were  readily  dis- 
solved in  water,  but  it  was  necessary  in  analyzing  the  iodine 
compounds  to  dissolve  them  in  water  containing  alcohol.  Mer- 
cury was  invariably  determined  as  sulphide,  the  precipitate 
being  collected,  dried  at  100°  and  weighed  on  an  asbestos  filter 
in  a  Gooch  crucible.  Caesium  was  usually  determined  in  the 
filtrate  from  the  mercuric  sulphide  and  was  always  weighed  as 
sulphate.  In  this  operation  the  excess  of  sulphuric  acid  was 
removed  by  ignition  in  a  current  of  air  containing  ammonia,  as 
suggested  by  Kriiss  for  potassium  sulphata  In  some  cases 
where  caesium  alone  was  to  be  determined,  the  substance  was 
weighed  out  directly  into  a  platinum  crucible,  sulphuric  acid 
was  added,  the  excess  of  this  and  the  mercury  were  removed 
by  evaporation  and  heating  and  normal  caesium  sulphate  was 
weighed.  The  halogens  were  invariably  determined  in  separate 
portions  and  were  weighed  as  silver  salts.  In  the  cases  where 
two  were  present,  they  were  determined  by  heating  the  mixed 
silver  halides  to  constant  weight  in*  chlorine. 

Hie  Double-chlorides, 

These  are  all  white  in  color  and  are  permanent  when  ex- 
posed to  the  air.  On  recrvstallizing  from  water  all  of  them 
finally  yield  CsHgCl,. 
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Ca^HgCl^  is  made  by  dissolving,  a  comparatively  small  quan- 
tity of  mercuric  chloride  in  a  nearly  saturated  csesiuni  chloride 
solution.  It  is  deposited  on  cooling,  but  the  best  crystals  are 
obtained  by  spontaneous  evaporation.  If  too  much  of  the 
mercuric  compound  is  added  or  if  too  much  water  is  present, 
other  double  salts  or  mixed  products  will  be  obtained.  On  the 
other  hand,  if  too  little  mercuric  chloride  is  present,  caesium 
chloride  crystallizes  out.  The  limits  of  the  conditions  under 
which  it  is  formed  are  narrow,  but  by  repeated  trials,  with 
slight  variations  suggested  by  previous  results,  a  pure  product 
is  readily  obtained.  It  forms  slender,  radiating  prisms  which 
are  easily  distinguished  from  the  compounds  with  which  it  is 
liable  to  be  mixed. 

The  following  analysis  was  made  of  a  sample  which  was 
rapidly  dried  on  paper,  but  not  air-dried.  The  small  amount 
of  water  found  was  probably  simply  moisture.  It  was  deter- 
mined by  direct  weighing  in  a  calcium-chloride  tube. 

Calculated  for 
Found.  CsaHgCU. 

Cffisium 61;15  61-38 

Mercuiy 2484  25*76 

Chlorine 21-:9  22-86 

Water 1-69  0-00 


99-47  100-00 

Cs^HgVl^  is  produced,  by  cooling  a  hot  solution,  when  a 
little  more  mercuric  chloride  or  water  is  used  than  in  the  case 
of  the  last  salt.  The  conditions  for  its  formation  are  narrow. 
It  forms  large  but  usually  very  thin  plates  which  are  readily 
distinguished,  from  the  other  double-chlorides.  A  sample  was 
dried  on  paper  for  analysis. 


Calculated  for 

Found. 

Cs^HgCh. 

Caesium 

44-06 

43-75 

Mercury 

...     

32-90 

Chlorine 

22-87 

23-35 

Water 

0-52 

0-00 

100-00 

CsHgCl^  is  dimorphous,  forming,  according  to  circumstan- 
ces, cubic  or  orthorhombic  crystals.  The  cubic  form  is  pro- 
duced, under  widely  varying  conditions  by  cooling  dilute 
aqueous  solutions,  when  csesium  chloride  is  considerably  in 
excess.  The  orthorhombic  form  is  deposited  when  caesium 
chloride  is  not  in  great  excess  and  by  one  or  more  recrystal- 
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lizations  from  water  of  all  the  double  chlorides.     This  form 
can  be  recrystallized  from  water  indefinitely. 

The  compound  is  practically  insoluble  in  absolute  alcohol, 
but  it  dissolves  in  alcohol  diluted  with  about  one-third  of  its 
volume  of  water,  and  it  is  remarkable  that  the  cubic  form  is 
deposited  from  such  a  solution  on  cooling. 

The  cubes  often  form  peculiar  aggregates,  apparently  of  a 
pyramidal  shape.  The  orthorhombic  crystals  are  very  brilliant 
and  highly  modified,  usually  forming  groups  of  spear-shaped 
individuals  joined  end  to  end. 

Three  samples  were  analyzed ;  A,  cubes  simply  dried  od 
paper ;  B,  cubes  from  alcohol ;  C,  orthorhombic  crystals,  air- 
dry. 

Calculated  for 
Found.  CaHgCU 

ABC 

CsBsium 30-29  30-26  29-92  30-26 

Mercury 44*80       45*63  45  51 

Chlorine 28-40       24*03  24-2S 

Water 1.42      0-00 


99-91  99-58  100-00 

Since  the  orthorhombic  form  of  this  compound  is  not  de- 
composed by  water  its  solubility  could  be  determined.  This 
was  done  by  analyzing  the  mother-liquor  from  a  third  recrys- 
tallization  at  about  17°.  Of  this  solution,  100  parts  contained 
0*4:255  parts  of  caesium,  corresponding  to  1*406  parts  of 
CsHgCl.. 

CsHg^Cl^  was  made  by  dissolving  24  g.  of  OsHgCl,  and  16  g. 
of  HgClj  (a  little  more  than  one  molecule  of  the  latter)  in 
about  150  c.  c.  of  hot  water  and  cooling.  A  lar^  crop  of 
needles  was  obtained  which  were  undoubtedly  homogeneous. 

Analysis  Calculated  for 

gave.  CsETgaCU. 

Caesium 18-13  18*72 

Mercurv 56-32  66'30 

Chlorine 24-68  24*98 


99-13  10000 

The  salt  is  not  very  readily  decomposed  by  water,  but  by 
repeated  recrystallization  the  orthorhombic  form  of  CsHgCl, 
is  obtained. 

CsHqJJl^^  was  prepared  by  making  a  nearly  saturated  solu- 
tion of  12-5  g.  of  HgCsOl,  and  38*5  g.  of  HgCI,  (about  one 
molecule  of  CsCl  to  six  of  HgCI,)  in  boiling  water  and  cool- 
ing.    The  compound  was  obtained  in  prisms,  so  well  formed 
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that  there  was  no  doubt  aboat  their  homogeneity.     Two  crops 
were  analyzed. 

Calculated  for 
Found.  CsHgftClix. 

Caesium 8-68       8*51  8-73 

Mercury 65-69       65*64 

Chlorine 2497    • 25.63 


99-24  100-00 

A  single  recrystallization  of  this  salt  from  water  gave  a 
mixed  crop  of  crystals  and  this,  on  repeating  the  operation, 
gave  CsHg^Cls  still  containing  a  little  of  the  original  coiu- 
ponnd.     Tnis  last  crop  was  analyzed. 

Calculated  for 
Found.  CsHgaClB. 

Csesium 16-57  i8-72 


The  Double  Bromides. 

All  of  these  salts  are  white,  or  nearly  so,  except  CsHgBr, 
which  has  a  lemon-yellow  color.  This  color  is  remarkable 
since  CsBr  and  HgBr,  are  both  pure  white. 

All  of  the  double  bromides  yield  OsHg.Br^  on  recrystallizing 
them  one  or  more  times  from  water.  It  is  to  be  noticed  that 
this  salt  belongs  to  a  different  type  from  the  double-chloride 
which  is  stable  with  water,  but  if  alcohol  is  used  for  recrys- 
tallizing this  bromide,  the  salt  corresponding  to  the  chloride 
just  mentioned  is  deposited. 

Cs^HgBr^, — The  preparation  of  this  salt  is  exactly  analogous 
to  that  of  the  corresponding  chloride,  and  it  has  the  same 
appearance. 

Calculated  for 
Found.  CB,HgBro. 

CfiBsium 39-83  39-94 

Mercury 19-50  20.02 

Bromine 39*60  40-04 


98-93  100-00 

CsJIgBr^  is  prepared  similarly  to  the  chloride,  but  the 
limits  of  the  conditions  under  which  it  is  formed  are  much 
wider.  Like  the  chloride  it  usually  forms  very  thin  plates, 
but  they  can  sometimes  be  produced  of  sufficient  thickness  for 
measurement.  Three  separate  crops,  made  under  considerably 
different  conditions  were  analyzed. 


Digitized  by  VjOOQIC 


228  H.  Z.   Wells — CoBsiuni'Mercuric  Halides. 


Cajsium 33  84 

Mercury 25-68 

Bromine 40*48 


Calculated  for 

Foupd- 

CssHgBr*. 

34-4:^ 

33-69 

33.84 

25-11 

25-45 

25-45 

40-40 

40-52       • 

40.71 

100-00     9994     99-66  100-00 

CsHgBr^, — This  corapound  is  dimorphous,  but  while  one 
form  is  cubic,  like  one  of  the  chlorides,  the  other  is  mono- 
clinic  and  has  no  apparent  relation  to  the  orthorbombic 
chloride.  Just  as  in  the  case  of  the  chlorides,  the  cubic  form 
is  produced  when  an  excess  of  the  caesium  halide  is  present, 
while  the  second  form  is  deposited  when  this  excess  is  not  as 
great.  Unlike  the  corresponding  chloride,  the  second  form  of 
the  bromide  is  decomposed  bj  recrystallization  from  water,  the 
salt  CsHgjBr^  being  formed,  but,  as  will  be  noticed  beyond, 
the  opposit§  transformation  can  be  produced  by  recrystallizing 
the  last  mentioned  salt  from  alcohol.  The  limits  of  forma- 
tion of  the  cubic  salt  are  wide,  but  it  is  difficult  to  produce 
the  other  form  in  a  pure  state,  and  it  is  possible  that  the  mono- 
clinic  crystals  analyzed  were  mixed  with  a  small  quantity  of 
the  cubes. 

i Found ^  Calculated  for 

Cubic.     Monoclinic.  CsHgBrB. 

Caesium 23  18         22-89  23-21 

Mercury 3495         3554  34.90 

Bromine 41-70         41-63  41-89 


99-83        100-06  100-00 

CsHg^Br^.: — The  recrystallization  of  any  of  the  other 
double-bromides  from  water  produces  this  salt,  and  it  can  be 
recrystallized  indefinitely  without  decomposition.  It  forms 
very  small,  thin  plates  which  have  a  very  faint  tinge  of  yellow. 
By  spontaneous  evaporation  of  a  mother-liquor  from  a  recrys- 
tallization of  this  salt  somewhat  larger  crystals  were  formed. 
Three  separate  crops  were  analyzed. 

Calculated  for 
Found.  CsHg,Br». 

Gffisium 14-60     14-69     13-24  1426 

Mercury. --    42-71       42-87 

Bromine...    42-55       42.87 


99-86  100.00 


The  mother-liquor  from  a  third  recrystallization  from  water 
at  about  16°  was  found  to  contain  0'1151  per  cent  of  ceesium, 
corresponding  to  solubility  of  0*807  parts  of  CsHg,Br,  in  100 
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Earts  of  the  solntion.     The  salt  dissolves  rather  sparingly  in 
ot,  strong  alcohol  and,  on  cooling  this  solution,  the  compound 
CsHgBr,  separates  out. 

Calculated 
Pound.  for  OaHgBrs. 

CflBsium 22-68  23-21 

The  crystals  thus  obtained  were  not  large  enough  to  measure, 
but  it  was  probable,  from  microscopic  examination,  that  they 
were  the  monoclinic  form  of  this  compound.  This  is  interest- 
ing from  the  fact  that  it  is  the  cubic  form  of  CsHgCl,  which 
crystallizes  from  alcoholic  solutions. 

Ko  satisfactory  crops  of  crystals  were  obtained  from  solu- 
tions made  with  CsHg,Olj  and  HgBr,  together. 


The  Double  Iodides, 

These  salts  are  all  yellow,  CsHgJg  and  Cs^Hg,!,  having  a 
color  nearly  like  that  of  normal  potassium  chromate,  while  the 
others  become  paler  as  the  ceesium  chloride  increases.  All  of 
them  are  decomposed  by  water,  forming  compounds  containing 
more  mercuric  iodide  than  the  original  salt,  or,  at  last,  mercuric 
iodide  itself.  It  is  therefore  possible  to  take  any  one  of  these 
double-salts,  and,  by  recrystallizing  from  water  and  evaporating 
the  resulting  solutions,  to  prepare  the  complete  series  of  iive 
double-iodides,  as  well  as  the  component  simple  iodides,  with- 
out the  use  of  any  new  material.  It  is  noticeable  that  the 
iodides  differ  from  the  chlorides  and  bromides  in  not  including 
a  salt  that  can  be  recrystallized  continually  from  water.  This 
peculiarity  is  doubtless  due  to  the  comparative  insolubility  of 
mercuric  iodide.  In  most  cases,  the  analyses  of  the  salts  con- 
taining iodine  show  an  excess  of  mercury  and  a  deficiency  of 
the  halogen  (or  halogens).  It  is  not  known  whether  this  was 
due  to  some  impurity  in  the  salts  or  to  analytical  errors.  It  is 
not  considered  probable  that  inaccuracies  in  the  analyses  could, 
have  caused  so  much  variation  from  theory,  for  the  methods 
used  were  the  same  as  for  the  chlorides  and  bromides,  except 
that  alcohol  was  used  as  a  solvent,  and,  while  halogens  and 
mercury  were  always  determined  in  separate  portions,  the  sum- 
mations of  the  analyses  were  usually  satisfactory. 

Cs^Hgl^. — This  salt,  like  the  corresponding  chloride  and 
bromide,  requires  for  its  preparation  a  very  concentrated  solu- 
tion of  the  caesium  halide  containing  a  relatively  small  amount 
of  the  mercuric  compound.  It  crystallizes  well  and  may  be 
obtained  either  by  cooling  or  spontaneous  evaporation.  The 
crystals  form  peculiar,  steep  pyramids. 
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Calculated 
Found.  for  CstHglft. 

CsBSiiim 33-02  32-33 

Mercury 16-33  16-21 

Iodine 60-42  51-46 


99-77  100-00 

Its  specific  gravity  taken  in  benzol  was  found  to  be  4-605. 

When  this  salt  is  dissolved  in  a  small  quantity  of  hot  water 
the  compound  Cs,HgI^  crystallizes  out  on  cooling,  but  with  a 
larger  quantity  of  water  everything  remains  in  solution. 

Csjlgl^. — This  salt  is  produced  under  wide  limits  of  condi- 
tions by  cooling  solutions  of  the  component  salts  when  esesinm 
iodide  is  in  excess.  The  monoclinic  crystals  vary  in  habit, 
forming  long  prisms,  nearly  square  plates  or  intermediate 
forms.  They  are  often  obtained  of  very  large  size,  sometimes 
extending  completely  across  the  bottom  of  the  vessel  contain- 
ing the  solution  and  turning  upwards  at  the  ends  besides. 

Calculated 
Found.  for  C8aHgl4. 

Caesium 27-32       27*39  27*31 

Mercury 21-57       21-21  2053 

Iodine 51-41       51-49  62-16 


100-30     100-09  100-00 

Two  determinations  of  the  specific  gravity,  taken  in  benzol, 
gave  the  numbers  4-799  and  4*812. 

The  salt  is  decomposed  by  water,  giving,  according  to  the 
quantity  used,  either  one  of  the  salts  containing  more  mercuric 
iodide  or  mercuric  iodide  itself.  It  is  not  dissolved  or  decom- 
posed by  alcohol. 

CsHgl^  (.  n^O  f). — This  salt  is  formed  only  within  very  nar- 
row limits  from  solutions  containing  a  little  more  mercuric 
iodide  or  water  than  those  from  which  the  preceding  salt  ie 
obtained.  These  conditions  are  perhaps  most  easily  reached 
by  dissolving  the  last  salt  in  a  small  amount  of  hot  water  and 
cooling.  It  often  happens  that  the  three  salts  Cs.HgJ,, 
CsHgl,  and  Cs,HgI^  are  successively  deposited  as  a  solution 
cools,  and  it  is  consequently  difficult  to  obtain  the  salt  under 
consideration  in  a  pure  state,  but  this  was  accomplished  after 
a  great  many  trials  with  varying  conditions.  The  compound 
forms  very  thin  transparent  plates  which  usually  radiate  from 
a  point  and  are  often  of  large  size.  By  pressing  on  paper  they 
rapidly  become  opaque.  Wliether  this  is  caused  by  molecular 
re  arrangement  or  loss  of  water  of  crystallization  is  not  certain, 
for,  on  account  of  the  extreme  thinness  of  the  crystals,  it  was 
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imposeible  to  decide  whether  a  Bmall  amount  of  moisture  or  a 
molecule  of  very  unstable  water  of  crystallization  was  present. 
Two  samples  were  analyzed.  A  was  air-dried  after  pressing 
on  paper ;  B  was  quickly  dried  on  paper. 


Found. 

Calculated 

Found. 

Calculated 

A. 

for  CsHglf 

B. 

for  CsHgl, .  H,0, 

Caesium 

18-81 

18-63 

18-25 

18-17 

Mercury 

29-29 

28-01 

28-74 

27-33 

Iodine   

51-50 

53-36 

50-98 

62-05 

Water   



0-00 

2.51*           2-45 

99-60    100-00    100-48    lOO'OO 

Like  all  the  other  iodides,  this  salt  is  decomposed  by  water. 

CsJlgJ^  is  formed  under  widely  different  conditions.  It  is 
most  convenient  to  prepare  it  by  dissolving  CsJIgl^  in  the 
proper  amount  of  hot  water  and  cooling.  It  is  also  formed, 
m  a  finely  divided*  condition,  by  treating  the  same  salt  with 
not  too  much  cold  water.  The  crystals  vary  considerably  in 
habit,  but  they  can  be  readily  distinguished  from  the  other 
iodides.  A  characteristic  form  is  a  triangular  plate,  but  plates 
of  different  shape  and  more  or  less  elongated  prisms  often  oc- 
cur. The  following  analyses  were  made  of  separate  crops. 
Sample  C  was  made  by  treating  Cs^Hgl^  with  cold  water. 

, ^Found. 


B. 

0. 

Calculated 
for  CsiHgtle. 

14-14 

14-07 

14-18 

_  _ . 

33-83 

31-88 

52-63 

52-96 

53-99 

100-86 

100-00 

, A. V 

Caesium 13-89      

Mercury 33-76      

Iodine 52-07     52-10 

99-72 

Specific  gravity,  taken  in  benzol,  5  14.  The  salt  dissolves 
in  alcohol.  It  is  decomposed  by  water  with  the  separation  of 
a  part  of  the  mercuric  iodide.  From  the  solution  thus  ob- 
tained, the  salts  containing  less  mercuric  iodide  can  be  pre- 
pared by  evaporation. 

CsHgJ^. — When  a  hot  aqueous  solution  of  csesium  iodide  is 
saturated  with  mercuric  iodide,  this  compound  is  formed  on 
cooling,  but,  under  these  conditions,  the  substance  is  usually 
mixed  with  Hgl,  and  often  with  Cs,Bg,lg.  When  weak  alco- 
hol is  used  as  a  solvent,  however,  a  pure  product  is  obtained 
without  difficulty.  It  forms  slender  yellow  prisms  which  be- 
come red  on  standing  in  an  aqueous  mother-liquor.  They  are 
more  permanent  in  the  solution  when  it  is  alcoholic,  but,  on 
drying  them  by  pressing  on  paper,  they  quickly  assume  thp 

♦By  loss  at  100°. 
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red  color  of  of  mercuric  iodide  without  losing  their  form.  It 
is  probable  that  the  spontaneous  decomposition  results  in  the 
formation  of  Cs,Hg,Ig  and  Hgl,.  It  was  necessary  to  analyze 
the  material  which  had  become  red. 


Calculated 

Found. 

.     for  CsHgJ, 

Cfesium 

11-47 

11-39 

Mercury 

85-73 

34-25 

Iodine 

52-93 

54-36 

100-13  100-00 

The  Mixed  Douhle-halides. 

A  great  deal  of  labor  has  been  devoted  to  a  study  of  these 
compounds  in  order  to  find  to  what  extent  they  could  be  pre- 

Eared.  The  results  show  that  caesium  chloride  and  mercuric 
romide  unite  readily  although  there  is  a  tendency  towards  an 
exchange  of  halogens  and  the  formation  of  unmixed  salts.  It 
is  also  noteworthy  that,  while  there  is  a  double  chloride  as  well 
as  a  double  bromide  which  is  not  decomposed  by  recrystalliza- 
tion  from  water,  all  the  chloro-bromides  finally  yield  mercuric 
bromide  when  so  treated. 

The  number  of  bromo-iodides  is  less  than  that  of  the 
unmixed  salts,  for,  when  attempts  are  made  to  prepare  com- 
pounds containing  the  larger  amounts  of  mercuric  iodide, 
there  is  an  exchange  of  halogens  and  almost  pure  double 
iodides  are  produced. 

Only  one  compound  of  mercuric  iodide  with  csesium  chlo- 
ride could  be  prepared.  This  is  CsjHgClJ,,  and  the  type 
to  which  it  belongs  may  probably  be  considered,  on  this 
account,  the  most  stable  one  of  the  csesium-mercuric  halides. 

It  is  evident  that  the  mixed  salts  are  not  as  readily  formed 
as  the  unmixed,  and  that  the  more  dissimilar  the  two  halogens 
are,  the  less  tendency  there  is  to  form  the  mixed  compounds.* 

In  preparing  these  salts,  containing  two  different  halogens, 
the  halogen  of  higher  atomic  weight  was  always  added  in 
combination  with  the  mercury.  The  methods  of  preparation 
are  exactly  analogous  to  those  by  which  the  unmixed  salts  are 
made,  so  that  most  of  these  details  will  be  omitted  in  describ- 
ing them. 

The  Chloro-bromides. 

In  form  these  all  resemble  the  unmixed  salts  between  which 
they  are  intermediate,  and  all  of  them  are  colorless  except 
CsHgClBr,,  which  is  pale  yellow. 

♦This  point  ia  discussed  in  connection  with  the  caesium  trihalides.  (Wells  and 
Peulield,  this  Journal,  III,  xliii.  pp.  31  and  32.) 
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Cs^HgCl^Br^— 

Found. 

Cffisiura 48  12 

Mercury  ._ 23-80 

Chlorine 16-24 

Bromine 11-82 


Calculated  for 
GsiHgCl.Bra. 

46-10 
23-11 
12-30 
18-49 


90  08 


100-00 


The  product  was  made  with  a  very  large  excess  of  csesium 
chloride,  and  it  contained  a  considerable  amount  of  the  double 
chloride.  The  analysis  corresponds  nearly  to  the  formula 
2Cs.H^l,Br,+C6.HgCl,. 

C\ugCl^Br^, — Two    products,   which 
different  conditions,  were  analyzed. 


were    made   under 


Found. 

CsBsium 40-34         38-86 

Mercury 28-79         28-58 

Clilorine 12-94         10-48 

Bromine 17-43         2207 


Calculated   for 
CsaHgOlaBr,. 

38-J6 
28-69 
10-19 
22-96 


99-50 


99-99 


100  00 


One  of  these  crops  corresponds  very  closely  to  the  formula, 
while  the  other,  made  in  the  presence  of  a  greater  excess  of 
osesium  chloride,  contains  a  little  C6,HgCl . 

CsHgClBr^. — This  has  been  obtained,  like  the  chloride  and 
bromide,  in  dimorphous  forms.  One  of  these  is  cubic  like  the 
other  salts,  while  the  second  form  crystallizes  like  the  chloride 
and  not  like  the  bromide.  The  color  of  both  varieties  is  pale 
yellow. 


*" 

— xouuu. ■  -    '■  ■    \ 

Orthorhombic  form. 

Calculated  for 

Cubic  form. 

Separate  products. 

CsHgClBr,. 

Csesium  . 

26-50 

2607     26-74     2601 

25-17 

Mercury 

38-75 

40-21      40-05     38-91 

37-84 

Chlorine 

9-23 

11-32      11-42        8  53 

6-72 

Bromine 

2521 

21-63     21-94     26-66 

30-27 

99-69 


10013  100-15  100-10 


100-00 


These  products  evidently  contain  some  of  the  chloride. 
The  analyses  of  the  first  two  samples  of  the  orthorhombic  salt 
correspond  closely  to  the  formula,  2CsIIgClBr,+C8HgCI,. 

CsIIg^ClBr^. — Two  separate  products,  made  under  different 
conditions,  were  analyzed. 
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Calculated  for 
FouscL  C8Hg9ClBr4. 

Caesium 15-48  15-23  1497 

Mercury Ah'l2  45-06  45-02 

Chlorine 5*75  3-71  3*99 

Bromine 32-30  36*06  3602 


99-25        100-06  10000 

CsHg^ClBr^^. — This  compound  was  prepared  by  recrystal- 
lizing  the  preceding  salt  from  water. 

Calculated  for 
Found.  CsBg»ClBr,o. 

Caesium 6-23  6-76 

Mercury 52-77  60-80 

Chlorine 2-85  1-80 

Bromine 38-19  40-64 


100-04  100-00 

There  is  a  chloride  corresponding  to  this  compound,  but  no 
bromide  was  obtained  of  this  type.  It  forms  elongated  crys- 
tals much  smaller  than  the  chloride.  The  final  product,  when 
this  salt  is  recrystallized  from  water,  is  mercuric  bromide. 

The  Bromo-iodides, 

Only  three  of  these  compounds  have  been  prepared.  When 
attempts  were  made  to  obtain  compounds  containing  larger 
amounts  of  mercuric  iodide,  there  was  an  interchange  of  hSo- 
gens  and  nearly  pure  double  iodides  were  formed.  Two  such 
products  were  analyzed. 

Calculated  for  Calculated  for 

Pound.         CsjHgile.  Found.  CsHgJ*. 

Caesium 1469  14-13  11-62  11-39 

Mercury    33-72  31*88  36-09  34*25 

Bromine 2-19  0-00  2-43  000 

Iodine 49*58  53-99  49*45  54-36 


100*18  100-00  99-59  10000 

Cs^TlgBv^I^ — This  salt  resembles  the  iodide,  not  the  bro- 
mide, in  form.  Its  color  is  a  pale  yellow,  intermediate 
between  the  brighter  iodide  and  the  colorless  bromide. 

Calculated  fcir 
Found.  CsiHgBrjIj, 

Caesium    37*21  36*50 

Mercury 19*39  18-30 

Bromide 251S  21*96 

loiline 18*24  2:V24 

100-02  lOOOO 
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CsJIgBrJ[^. — This  compound  has  a  verj  faint  tinge  of 
yellow.  It  IB  apparently  dimorphous,  although  no  other  salt 
of  this  type  has  been  made  in  more  than  one  form.  It  occurs 
in  very  thin  plates,  like  the  chloride,  bromide  and  chloro- 
bromide,  and  in  stout  monoclinic  crystals  like  the  iodide.  The 
limits  of  the  conditions  under  which  the  plates  are  made  are 
very  narrow,  and  it  is  diflBcult  to  obtain  them  free  from  the 
dimorphous  crystals.  As  the  solution  cools,  however,  the 
plates  are  deposited  first,  and,  with  the  proper  dilution,  it  is 
possible  to  remove  them  and  get  the  mother-liquor  pressed  out 
with  paper  before  the  other  crystals  begin  to  form.  There  is 
no  difficulty  in  preparing  the  other  modification  of  the  com- 
pound. 

-Found X 

Orthorhombic  Calculated  for 

crystals.  CstHgBrala. 

30-2O  30-23 

23-86  22-73 

17-91  18-18 

28-50  28-86 


CsB.sinni  . 
Mercury  . 
Bromine  . 
Iodine  .. 

Thin  plates. 

...  30-71 
..  24-14 
..   21-06 

...    24-23 

100-13  100-47  100-00 

It  is  noticablc  that  the  plates,  which  resemble  the  bromide 
in  form,  contain  a  small  excess  of  bromine  and  a  correspond- 
ing deficiency  of  iodine. 

CsHgBrJ^. — Only  one  form  of  this  compound  has  been 
prepared,  although  three  other  salts  of  this  type  are  di- 
morphous. Its  form  is  monoclinic,  like  one  modification  of 
the  bromide,  and  it  is  pale  yellow  in  color. 

Calculated  for 
Found.  CsHgBrI,. 

Caesium 20*26  19-94 

Mercury 31-44  29-99 

Bromine 1335  11-99 

Iodine 34-39  38-08 

99-44  100-00 

The  Chloro-iodide,  Csjlg  CIJ^. 

This  is  the  only  combination  of  caesium  chloride  and  mer- 
curic iodide  that  could  be  produced.  It  is  formed  only  in 
very  concentrated  solutions  containing  a  great  excess  of 
csBsium  chloride.  Its  form  is  different  from  any  other  salt  of 
the  type,  for  it  occurs  in  slender,  radiating  needles.  It  is 
snow-white  in  color,  and  when  it  is  brought  in  contact  with 
water  it  instantly  becomes  bright  red  from  the  formation  of 
raercuric  iodide.     Two  entirely  separate  crops  were  analyzed. 
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Calculated  for 

Found.  CsflgCljIa. 

Caesium 33-38         33-U  33-63 

Mercury 26''7l           25  "28 

Chlorine 8*87            9*01  S-98 

Iodine 30*85          30*17  32-11 


99-81  100-00 

When  it  was  attempted  to  make  a  chloro-iodide  containing 
more  mercuric  iodide  than  this,  a  nearly  pure  double-iodide 
was  formed  by  exchange  of  halogens. 

Calculated  for 
Found.  CsaHgJs. 

Ctesiuni   13-76  •  14-13 

Mercury 33-49  31-88 

Chlorine u-l6  0-00 

Iodine 50-74  53-99 

9815  10000 

The  investigation  of  double-halides  will  be  continued  in  this 
laboratory,  and  it  is  hoped  that  a  further  study  of  the  caesium 
salts  will  lead  to  a  better  knowledge  of  this  class  of  compounds 
in  general  than  we  now  possess. 

In  conclusion,  it  gives  me  pleasure  to  express  my  gratitude 
to  my  colleague,  Professor  Penfield,  for  his  hearty  cooperation 
in  undertaking  the  crystal  I  ographic  examination  of  the  com- 
pounds which  have  been  described.  His  results  have  been 
freely  used  in  the  foregoing  descriptions,  and  they  will  be 
given  in  detail  in  a  future  article. 

Sheffield  Scientific  School,  Xew  Haven, 
Conn.,  May,  1892. 


Art.  XXX. — On  the  relaiiojis  of  the  Laxirentian  wnd  Huron- 
ian  on  the  jS'orth  Side  of  Lake  Huron  /  by  Alfred  E. 
Barlow. 

[Published  by  permission  of  Dr.  Selvvyn,  Director,  Geological  Survey  of  Canada.] 

In  this  Journal  for  March,  1892,  there  appears  an  article  on 
"The  Structural  Relations  of  the  Huronian  and  Basement 
Complex  on  the  North  side  of  Lake  Huron  "  by  Messrs.  Pum- 
pelly  and  Yan  Hise.  On  page  228  they  refer  to  an  article  by 
me  "  On  the  Contact  between  the  Laurentian  and  Huronian 
north  of  Lake  Huron"  which  was  published  in  the  American 
Geologist  (vol.  vi,  1890,  pp.  19-32).  The  region  to  which 
my  paper  referred  might  better  have  been  defined  as  north-east 
rather  than  north,  as  the  descriptions  related  only  to  certain 
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portions  of  the  line  of  junction  between  Lakes  Teraiscaming 
and  Panache,  the  latter  locality  being  over  one  hundred  miles 
east  of  Tbessalon,  near  which  Messrs.  Pumpelly  and  Van  Hise 
observed  the  contact.  The  endeavor  to  correlate  two  series  of 
facts  concerning  rocks  so  far  separated  geographically  after  a 
brief  and  hurried  visit' and  over  a  limited  area  has  only  led  to 
raore  confusion  and  misunderstanding.  Their  description  of 
the  line  of  junction  between  the  granite  and  crystalline  schists 
is  a  feature  very  frequently  observed  in  the  Laurentian  (or 
basement  complex).  These  schists,  however,  do  not  in  the 
least  resemble  the  micaceous  schists  and  quartzites  described  by 
me  as  Huronian  in  contact  with  the  Laurentian  gneiss,  f(»r  those 
described  by  Pumpelly  and  Van  Hise  show  no  clastic  structure 
whatever  and  seem  always  to  belong  to  the  basement  complex 
(Laurentian)  with  which  they  are  associated,  while  the  frag- 
mental  origin  of  those  described  by  me  may  readily  be  seen  in  the 
field  or  in  thin  slice  under  the  microscope.  Beautiful  examples 
of  the  mode  of  occurrence  of  the  Laurentian  schists  may  be 
seen  at  the  Murray  Mine,on  the  main  line  of  the  Canadian  Pacific 

Fig.  \. 


Railway,  three  miles  and  a  half  northwest  of  Sudbury.  Here 
the  hornblende  schists  or  amphibolites  are  seen  embedded  in  a 
light  colored  gneissic  granite,  the  pseudo-conffloraeratic  appear- 
ance thus  produced  being  sometimes  very  marked.  (See  Fig.  1). 
In  other  cases  the  hornblende  schists  occur  in  lenticular  patches 
lying  parallel  to  one  another.  (See  Fig.  2.)  Prof.  G.  H.  Williams 
(see  Report  Geological  Survey  of  Canada,  Part  F,  1891,  p.  73) 
classes  these  amphibolites  among  the  undoubted  eruptives  and 
thus  describes  them:  "A  fine  grained,  very  dark  green  or 
nearly  black  foliated  rock  containing  a  much  coarser  felspathic 
or  granitic  vein.     This  is  a  closely  interwoven   aggregate  of 
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green  hornblende  and  brown  biotite.  The  foliation  is  produced 
by  the  approximate  parallelism  in  the  cleavage  directions  of  the 
minerals.  The  only  other  constituents  visible  under  the  micro- 
scope are  quartz  and  ilmenite  surrounded  by  veins  of  sphene 
(leucoxene).  Of  the  origin  of  this  rock  we  can  say  nothing 
now  with  certainty.  It  may  well  have  resulted  from  the  ex- 
Fig.  2. 


treme  metamorphism  of  some  basic  eruptive,  but  from  a  small 
specimen  like  tnis  it  is  unsafe  to  draw  any  such  conclusion. 
The  feldspathic  vein  is  a  much  coarser  aggregate  of  quartz, 
orthoclase  and  plagioclase  with  a  little  green  liornblende.  The 
feldspar  has  many  minute  hornblende  needles  secondarily  devel- 
oped in  it,  but  otherwise  the  rock  appears  like  a  fresh  granite." 

The  eruptive  origin  assigned  to  this  rock  by  Prof.  Williams 
would  seem  to  agree  with  its  relations  in  the  field  and  on  ac- 
count of  its  intimate  association  with  granitoid  gneisses  we 
have  classed  it  with  the  Laurentian  and  so  colored  it  on  the 
recent  maps  issued  by  the  Canadian  Survey  of  the  Sudbury 
Mining  District.  These  gentlemen  also  make  me  state  that  I 
"  drew  the  conclusion  that  nowhere  on  the  north  shore  of  Lake 
Huron  are  any  detritals  which  are  later  than  and  rest  uncon- 
formably  upon  the  basement  complex,"  when  in  the  article  is 
distinctly  described  (see  p.  37,  American  Geologist,  Vol.  VI, 
1890)  a  thinly  bedded  slate  conglomerate  resting  upon  the  up- 
turned edges  of  the  Laurentian  gneiss  on  Annima-Nipissing 
Lake. 

Briefly  then,  the  Huronian  System  may  be  regarded  as  the 
oldest  series  of  sedimentary  strata  of  which  we  have  at  present 
any  knowledge  in  this  district,  while  the  Laurentian  gneiss  or 
basement  complex  is  the  original  crust  of  the  earth  or  the  firm 
floor  on  which  the  first  sediments  were  laid  down.  The  com- 
position of  this  floor,  judging  from  the  overlying  strata,  would 
be  closely  analogous  to  granite  and  the  laminated  pebbles  in 
the  slate  conglomerates  indicates  that  this  basement  had  in 
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many  places  a  foliated  or  gneissic  structure.  The  immense 
pressure  exerted  by  the  overlying  stratiform  material,  and  the 
crumpling  folding  and  fracturing  of  the  comparatively  thin 
and  weak  crust  consecjuent  on  the  earth's  cooling  would  all 
tend  to  sink  large  portions  of  the  Huronian  below  the  line  of 
fusion,  the  submergence  of  which  would  produce  conditions  of 
contact  such  as  I  nave  described  to  the  north-east  of  Lake 
Huron  and  which  subsequent  upheaval  and  denudation  have 
exposed. 

At  other  places  the  basement  complex  may  have  remained 
undisturbed  so  that  the  overlying  detritals  though  somewhat 
altered  have  not  been  intruded  or  pierced  by  the  granitic  mass 
beneath.  The  latter  doubtless  have  been  the  conditions  which 
obtained  in  the  localities  visited  by  Messrs.  Pumpelly  and  Van 
Hise  north  of  Lake  Huron  and  by  me  on  Annima-Nipissing 
Lake.  The  explorations  of  the  past  two  seasons  have  served  to 
confirm  the  opinions  expressed  m  the  paper  published  in  the 
American  Geologist  ana  as  the  region  then  under  examination 
has  just  been  finished,  I  hope  to  move  farther  west  during 
the  coming  summer  and  explore  the  district  visited  by  these 
geologists. 

Before  closing  I  would  like  to  take  exception  to  the  various 
brief  visits  paid  to  certain  so-called  "typical  localities,"  as  the 
hurried  examinations  thus  made  must  always  lead  to  confusion. 
Had  Messrs.  Pumpelly  and  Van  Hise  written  to  me  I  would 
have  been  only  too  eager  to  accompany  them  to  the  many  points 
of  geological  interest  exhibited  in  this  district.  It  is  often  so 
easy  then  to  reconcile  seemingly  opposite  views,  whereas  a 
letter  in  reply,  no  matter  how  written,  only  leads  to  endless 
and  sometimes  useless  discussion. 


Art.  XXXL — Some  Convenient  Forms  of  Laboratory  Appa- 
ratus ;  by  R  A.  Gooch. 

[OontributioDS  from  the  Kent  Chemical  Laboratory  of  Yale  College — ^XVI.] 

Burette  Clip. — A  simple  and  effective  device  to  replace  the 
Erdmann  fioat  (which  has  well-known  disadvantages)  in  getting 
exact  burette  readings  is  made  by  cutting  thin  springy  brass, 
or  copper,  or  other  metal  to  the  form  of  a  letter  H?  shaping  it 
as  shown  in  fig.  1  so  that  it  will  cling  to  a  burette  with  the 
cross-bar  vertical,  and  fastening  to  the  cross-bar  a  fold  of  white 
paper  ruled  longitudinally  with  a  heavy,  sharply  defined,  dark 
line.  The  clip  may  be  made  to  hold  firmly  to  any  burette, 
while  capable  of  easy  upward  and  downward  motion,  and  is 
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readily  removable  and  replaceable  when  it  be- 
comes necessary  to  pass  the  point  of  support  of 
the  burette.  The  refractive  action  of  the 
meniscus  upon  the  dark  line  upon  the  white 
background  acts  just  as  in  the  enamelled 
burettes  which  have  recently  come  into  use,  and 
serves  to  define  exactly  the  level  of  the  liquid. 
Errors  of  parallax  in  observing  are  easily  avoided 
by  placing  the  eye  in  such  position  before  read- 
ing that  the  front  segment  of  the  circle  nearly 
completed  by  the  edge  of  the  upper  ring  falls 
into  coincidence  in  perspective  with  the  back 
segment  as  shown  in  the  figure. 

Apparatus  support — The  simple  device  illus- 
trated in  fig,  2  and  fig.  8  has  been  in  use  for  several 
years  in  this  laboratory  wherever  a  rod  support  is 
desirable  and  has  almost  entirely  replaced  the 
movable  stand  which  students  usually  find  un- 
wieldy  and   difficult  to   dispose  of   in   limited 
space.      The  brass  fitting  into   which  is  cut  a 
strong  screw  thread,  as  shown  in  fig.  2,  is  set 
directly  in  the  face  of  the  work  table  with  its 
upper  surface  flush  with  that  of  the  table,  and 
is  held  in  place  firmly  by  screws  if  the  table-top  is  of  wood,  or 
by  bolts  and  nuts  if  the  table  top  is  of  soapstone  or  other 
which  does  not  afford  holding  ground  for  ordinarv 
Iron  rods  of  sizes  and  lengths  suited  to  holding  all 
^  sorts   of   apparatus,   from   the   lignter 

forms  usea  in  elementary  laboratory 
instruction  to  the  heavier  lecture  appa- 
ratus, are  cut  with  screws  matching  the 
thread  of  the  brass  fitting  and  may  be  set 
firmly  in  place  as  shown  in  the  figures. 
The  rods  are  of  course  interchange- 
able as  occasion  may  require.  When 
stripped  of  apparatus  the  rod  takes  up  very  little 
table  space,  but  if  a  clear  table  is  desired,  it  is 
easy  to  remove  the  rod  by  means  of  tongs  kept 
at  hand  for  the  purpose  in  the  laboratory  tool- 
box. This  device  is  neat,  inexpensive,  and 
easily  made  by  any  worker  in  brass  and  iron. 
Steam  evaporator. — A  convenient,  simple  and  inexpensive 
form  of  individual  steam-bowl  is  easily  constructed  in  the 
form  shown  in  fig.  4  wherever  steam  connections  are  available. 
An  ordinary  glass  funnel  of  suitable  size  is  hung  in  an  iron 
ring,  for  holding  which  the  rod  support  previously  described 
serves  admirably.  The  stem  of  the  lunnel  is  cut  off  short  and 
a  T-tube  is  attached  as  shown,  set  in  a  short  piece  of  rubber  tub- 


material 
screws. 
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ing,  with  the  lower  end  of  the  vertical  branch  bent  to  make  a 

water-trap,  while  the  horizontal  branch  is  connected  with  the 

steam  supply.     A  pipe  to  convey  away  the  condensed  water 

which  overflows  from  the  trap  is  a  convenience,  but  in  the 

absence  of  a  drip-pipe  any  suitable  receptacle 

may    serve    a  similar  purpose.      Ordinary 

water-bath  rings  adapt  the  funnel  to  vessels 

of  various  sizes,  but  the  funnel  itself  serves 

efficiently  in  holding  several  different  sizes 

of  round-bottomed  dishes.    The  transparency 

of  the  funnel  makes  it  possible  to  regulate 

the  steam  supply  so  as  to  secure  the  maxi 

mum  heating  effect  without  saturating  the 

surrounding  atmosphere  with  waste  steam. 

Of  course,  if  it  is  desirable,  several  of  these 

steam-baths  may  be  hung  to  the  same  rod. 

Mercury  washer, — Various  forms  of  mercury- washing  ma- 
chines have  been  proposed  and  used  with  success.  The  par- 
ticular form  here  described  and  shown  in  fig.  5,  differs  essen- 
tially from  its  predecessors  only  in  the  degree  of  fineness  to 
which  the  impure  mercury  is  reduced  when  it  is  brought  into 
contact  with  the  purifying  medium.  In  this  apparatus  the 
impure  mercury,  liquid  enough  to  flow  readily,  runs  of  its 
own  weight  from  the  uppermost  funnel  through  the  supply 
arm  of  a  glass  atomizer  through  the  other  arm  of  which  com- 
pressed air  is  admitted  in  force  sufficient  to  break  the  thin 
stream   of  mercury   to  5 

fine  dust  Thus  thor- 
oughly comminuted, 
and  presenting  the  max- 
imum surface  to  the 
liquid,  the  mercury 
falls  into  dilute  nitric 
acid,  from  which  it 
passes  to  distilled  water, 
and  thence  to  the  dry 
receiver.  Funnels 
fitted  with  outlet  tubes 
set  in  rubber  stoppers, 
as  shown  in  the  figure 
answer  well  for  contain- 
ing  vessels,  and  the 
rod  and  socket  device 
described  above  serves 
as  a  support  for  the 
apparatus.  In  the  case 
of  the  particular  appa-  ■ 
ratus  which  I  have  used 

Am.  Joub.  Soi.— Thikd  Series,  Vol.  XLIV,  No.  261.— Sbptbmber,  1892. 
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the  air  was  admitted  to  the  atomizer  under  a  pressure  of  about 
one-third  of  an  atmosphere  above  the  ordinary. 

Certain  experiments  made  to  determine  whether  ferric 
chloride  or  chromic  acid  might  be  used  in  the  purifier  instead 
of  dilute  nitric  acid  showed  tliat  the  superficial  effect  of  these 
reagents  upon  the  extremely  finely  comminuted  mercury  pre- 
vents the  reunion  of  the  particles  even  when  submitted  to 
considerable  pressure.  When  dilute  nitric  acid  is  employed 
no  such  difficulty  arises. 


Art.  XXXII. — Note  on  the  change  of  electric  conductivity 
observed  in  rock  magmas  of  different  composition  on  pass- 
ing from  liquid  to  solid ;  by  Oabl  Barus  and  Joseph  P. 
Iddings. 

[Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

§  1.  Introduction. — The  chemical  composition  of  rock  mag- 
mas and  the  process  and  results  of  their  crystallization  and 
solidification  have  been  studied  with  more  or  less  thoroughness ; 
but  direct  investigation  of  their  physical  properties  has  not  been 
systematically  undertaken  until  recently. 

Conceptions  of  the  physical  nature  of  molten  rock  magmas, 
however,  have  been  obtained  by  observing  the  phenomena  of 
their  crystallization,  and  by  pointing  out  analogies  between  the 
latter  and  the  behavior  of  aqueous  solutions,  and  of  metallic 
alloys. 

Evidences  that  a  chemico- physical  differentiation  of  molten 
magmas  was  the  cause  of  chemical  differences  in  igneous  rocks, 
which  evidences  have  been  reviewed  by  one  of  us  in  a  paper  on 
the  origin  of  such  rocks,*  have  led  to  the  further  analogy 
between  this  process  of  differentiation  and  the  concentration 
and  partial  dissociation  of  salts  in  aqueous  solution.  They  also 
suggested  the  possibility  of  testing  tlie  fact  of  dissociation  by 
electrolytic  investigation. 

The  method  employed  was  the  determination  of  the  electric 
resistance  encountered  by  a  current  in  passing  through  fused 
rock  magma,  whose  temperature  was  gradually  lowered.  The 
investigation,  though  of  a  preliminary  character  has  been  pro- 
ductive of  such  definite  results  that  we  have  embodied  them 
in  the  present  paper  in  order  that  they  may  become  known  as 
early  as  possible. 

§  2.  Uhservations. — The  following  table  contains  typical  ex- 

*  J.  P.  Iddiugs.    The  origin  of  igneous  rocks,  Bull.  Phil.  Soc.   Washington,  8*. 
Washington,  1892,  vol.  xii,  pp.  89-214. 


Digitized  by  VjOOQIC 


in  Hock  Magmas  on  passing  from  liquid  to  solid.       248 

amples  of  sixteen  series  of  electric  measurements  made  with 
three  kinds  of  rock  magmas,  which  cooled  slowly  in  a  furnace 
from  the  molten  state.  Temperatures*  and  resistances  were 
noted  simultaneously  every  two  minutes  during  each  series. 
The  resistances  were  measured  by  Kohlrausch's  method  of 
intermittent  currents.  The  data  for  mean  temperatures  are 
closely  accordant,  but  at  very  high  temperatures  and  at  low 
temperature  sharpness  is  lost,  owing  to  polarization  and  to  the 
immense  range  of  electrolytic  resistances  encountered.  These 
diflScnlties  are  largely  unavoidable,  although  our  method  is 
capable  of  much  improvement.  Reductions  to  absolute  values 
are  approximate. 

Table  I. 
Table  1.  The  specific  electrolytic  resistances  of  rock  magmas,  varying  mth  tempera- 
iwe  and  composition. 


1.  Acid  mag^a. 
16-60  per  cent  S1O9. 

2.  Intermediate  magma. 
61-5  per  cent  SiOa. 

3.  Basic  magma. 
48-6  per  cent  SiO,. 

Tem- 
Serles.  perature. 

Resistance. 

Series. 

xiii 

Tem- 
perature. Resistance. 

°C   ohmsXlO* 

Series. 

viii 

Tem- 
perature. 

°C   ol 

Resistance. 

xiv      °C   ohms  X 10* 

imsXlO* 

1640 

1-8 

1430 

1-8 

1400 

2-9 

1320 

2-2 

1260 

2-5 

1230 

4-4 

1164 

2-9 

1114 

4-2 

1124 

5-4 

1086 

31 

1034 

6-3 

1050 

14-7 

1011 

3-8 

956 

8-8 

995 

27-8 

948 

4-7 

894 

13-4 

939 

54-7 

890 

6-5 

843 

20-0 

883 

94-0 

827 

8-0 

754 

46-4 

834 

152 

787 

11-6 

715 

70-2 

792 

227 

746 

15-3 

680 

105 

754 

321 

705 

21-6 

643 

168 

723 

432 

665 

29-5 

608 

239 

692 

602 

626 

41-3 

580 

344 

645 

1000 

598 

53-8 

652 

497 

612 

1400 

682 

64-2 

496 

1140 

560 

82-2 

533 

114 

504 

166 

467 

281 

444 

417 

425 

584 

395 

1060 

355 

2540 

320 

6700 

The  results  of  these  observations  have  been  plotted  as  in 
the  diagram,  fig.  1,  the  ordinates  being  specific  resistances  in 

*  Regarding  temperature  measurements  see  Phil.  Mag.,  July,  p.  1,  1892. 
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megohms,  the  abscissse  temperatures  in  °0.  The  curves 
(which,  as  shown,  contain  all  our  observations)  are  numbered 
(1),  (2),  (3),  as  in  Table  I,  relatively  to  the  magmas.  Between 
1000°  and  1500°  the  points  lie  so  near  the  axis,  that  a  discrimi- 


Legends. 

Fia.  1.   Chart  showing  the  relation    of   the  specific    electrolytic    resistance 
(megohms,  cc)  to  Temperature  (^C),  in  case  of 

(1)  An  acid  magma, 

(2)  An  intermediate  mag^ma, 

(3)  A  basic  magma. 

(4)  Zinc  sulphate,  concentrated  aqueous  solution.     Resistance  relative. 
Fig.  2.  Crucible  and  appurtenances  with  the  furnace  withdrawn: 

aaa,  rock  magma  in  platinum  crucible; 
j5,  tubular  platinum  electrode ; 
%  insulator  (fire  clay)  of  the  thermocouple ; 
a/?,  thermocouple  with  its  junction  at  o : 
ee',  electrolytic  current  (intermittent). 

nation  is  no  longer  possible.  This  can  be  done,  however,  by 
expressing  the  variations  of  conductivity  with  temperature  for 
the  interval.  It  is  here  omitted  because  it  leads  to  no  novel- 
ties.    The  corresponding  curve  for  a  concentrated  solution  of 
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zinc  snlphate  in  water  has  been  added  for  comparison.  Here 
tbe  ordiDates  are  ratios  in  terms  of  the  resistance  of  the  soln- 
tion  at  100®.  Points  above  100°  were  obtained  under  pressure. 
Fig.  2  explains  itself. 

A  series  of  observations  with  another  basic  magma  gave 
corroborative  evidence.  The  only  electrical  indication  of 
fusion  was  found  in  the  case  of  the  basalt  (3).  It  was  some- 
what above  1100®,  but  is  not  certain.  The  rhyolitic  or 
acid  magma  (1>  changes  character  suddenly  below  500®,  for 
reasons  probably  accidental  which  must  be  further  examined. 
In  this  rock,  which  is  very  viscous  even  at  1600®,  it  is  almost 
impossible  to  free  the  magma  Of  gas  bubbles.  We  have  not 
been  able  to  make  allowance  for  volume  expansion  of  the 
magma,  and  the  residual  errors  are  in  keeping  with  this  omis- 
sion. Finally,  without  sacrificing  accuracy  of  temperature 
measurement,  it  is  difficult  to  make  the  electrodes  sufficiently 
large  in  area  to  exclude  polarization. 

§  3.  The  magmas. — The  magmas  investigated  represent 
three  phases  of  igneous  rocks  from  the  same  region.  The 
first  is  a  rhyolite;  the  second,  a  crystalline  andesite  or  por- 
phyrite ;  and  the  third,  a  basalt.  The  chemical  composition  of 
the  rocks  is  shown  by  the  following  analyses  made  by  Mr.  J.  E. 
Whitfield. 

I.  II.  III. 

SiO, 75.60  61-60  48-49 

TiO none  none  2-19 

A1,0, 13-25  17-42  18.36 

Fe,0, 1-02  4-66  7-63 

PeO -91  r09  1*21 

MdO none  tr.  none 

CaO -90  6-33  10-40 

MgO 07  1-26  6-72 

Li,0 -06  -03  -02 

Na,0 4-76  3-99  3-02 

K,0 2-86  1-29  -67 

PO. none  -60  -20 

SO     -32  -86  -62 

H.O -41  2-44  -67 


100-06 


99.96 


99-99 


The  three  magmas  clearly  form  the  middle  and  extremes  of 
a  chemical  series. 

When  heated  in  a  platinum  crucible,  the  basalt  melts  at 
about  1260®  to  a  fluid  Which  at  slightly  higher  temperatures 
becomes  quite  liquid,  and  upon  solidification  forms  a  black 
glass  that  is  brown  in  the  thinnest  edges  and  is  without  gas 
bubbles. 
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The  porphyrite  when  heated  decrepitates,  and  afterward 
fuses  in  the  neighborhood  of  1400°,  but  does  not  become  as 
liquid  as  the  basalt  for  like  temperatures.  It  solidifies  as  a 
dark  brown  glass  with  some  gas  bubbles. 

The  rhyolite  melts  at  about  1500°,  but  remains  quite  viscid 
at  1700°,  and  solidifies  as  a  gray  glass  filled  with  minute  gas 
bubbles. 

The  amount  of  gas  bubbles  serves  as  an  indication  of  the 
relative  viscosity  of  the  different  magmas  at  the  temperatures 
to  which  they  were  subjected. 

§  4.  Relation  to  temperature. — In  making  the  present  de- 
ductions the  outspoken  parts  of  the  data  of  Table  I  can  alone 
be  taken,  viz :  in  case  of  the  magma  (1)  between  900°  and 
500° ;  in  case  of  (2)  below  1034°,  and  in  case  of  (3)  between 
1124°  and  692°.  Careful  scrutiny  of  the  relation  of  resistance 
to  temperature  then  shows,  that  the  ratio,  dr/dt^  of  correspond- 
ing decrements  of  specific  resistance,  —dr^  and  of  temperature, 
dtj  is  proportional  to  the  corresponding  resistance  at  the  given 
temperature.     In  other  words  we  have  —  r^  =z  a  +  ht^  whence 

ln{a  -hbr)=:c—bt (1) 

where  a,  J,  c,  are  constants.      Relative  to  Table  I  these  values 
are  approximately  {r  in  megohms) 

(I)  (2)  (3) 

a — -10  —-05  +-05 

b ,..        -0134  -0125  -0091 

c 7-59  8-78  7-96 

It  is  probable  that  a  merely  reflects  the  errors  of  observation 
and*  that  its  real  value  is  zero.  The  constant  J,  which  is  an 
index  of  the  composition  will  be  discussed  in  §§  5,  6.  The 
quantity  c/b,  which  is  a  temperature,  has  no  apparent  meaning. 
These  results  are  exceedingly  interesting  since  a  relation  simi- 
lar to  equation  (1)  was  found*  for  the  thermal  variation  of  the 
viscosity  of  a  highly  viscous  body  like  pitch.  Again  the  acid 
magmas  at  least,  betray  no  evidences  of  circumflexure,  or  any- 
thing that  would  be  an  electrical  index  of  polymerism  or  melt- 
ing point.  An  aqueous  solution  of  zinc  sulphate  carried 
under  pressure  through  a  large  interval  of  temperature,  ^hows 
changes  of  resistancet  quite  akin  to  the  present  In  both 
cases,  therefore,  we  have  similar  solution  phenomena,  exhibit- 
ing a  thoroughly  regular  change  of  the  electrical  character 
with  temperature. 

Moreover  the  nature  of  the  law  embodied  in  equation  (1), 
for  silicates,  the  enormous  range  of  temperatures  to  which  they 

*  Proa  Am.  Acad.,  xxvii,  p.  13.  1892. 
fThia  Journal,  xlii,  p.  135,  1891. 
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can  be  exposed,  the  extreme  sensitivenesB  of  the  electrical 
indicationB,  and  the  simplicity  of  the  necessary  apparatus, 
suggest  a  method  of  pyrometry  specially  available  for  tempe- 
rature approaching  the  melting  point  of  platinum.  One 
would  obviously  select  an  exceedm^ly  acid  magma,  both  be- 
cause of  its  relatively  great  infusibility,  and  because  of  the 
occurrence  of  the  maximum  of  uniform  electrical  conduction, 
in  such  a  case,  as  will  be  shown  in  the  next  paragraphs. 

§  5.  Relations  to  chemical  composition.  —  Endeavoring  to 
interpret  these  results  with  reference  to  their  chemical  bear- 
ing by  means  of  Kohlrausch's*  law  we  are  handicapped  at  the 
outset  because  the  rates  of  procession  of  •  ions  (HittorFs 
"  tJberfiihrungszahlen  ")  in  silicate  solutions  are  not  known. 
In  other  words  the  quantities  expressing  the  velocity  of  either 
ion  relative  to  the  combined  velocities  of  both  are  unknown. 
We  cannot  even  state  what  the  structure  of  the  electrochem- 
ical equivalents  may  be.  It  makes  a  difference  whether  the 
cations  travel  singly  or  in  groups,  or  whether  the  anions  be 
iSiO,,  iSiO^,  etc.,  singly  or  combined.  We  could  not  there- 
fore express  more  than  a  mere  opinion  relative  to  the  velocities 
of  the  ions,  even  if  the  specific  molecular  conductivities  were 
computed.  Nevertheless,  in  the  face  of  these  difficulties  we 
are  able  to  deduce  certain  striking  results  insomuch  as  the 
method  of  this  paper  is  one  in  which  the  cation  is  brought 
gradually,  and  as  nearly  as  possible  to  vanish  in  amount.  An 
index  of  acidity,  independent  of  temperature,  is  given  by  the 
constant  h  of  equation  (1).  We  regard  the  anions,  whatever 
their  specific  structure  may  be,  as  identical  in  the  three  mag- 
mas examined ;  and  the  cations,  from  the  large  number  of 
elements  contained  in  the  magmas,  as  possessed  of  a  common 
or  average  property. 

Several  general  deductions,  however,  may  be  drawn  from 
the  work,  incomplete  as  it  is  at  present.  In  the  first  place. 
Table  I  shows  strikingly  that  electric  conduction  increases  with 
the  degree  of  the  acidity  of  the  magma,  that  is,  with  the 
degree  of  dilution  of  the  cation.  And  since  fusibility  de- 
creases in  a  marked  way  as  the  composition  of  the  magma 
approaches  pure  silica,  it  follows  that  in  a  series  of  different 
mragmas  electric  conduction  at  any  given  temperature  increases 
in  proportion  as  the  viscosity  increases. 

Thus  the  most  acid  of  the  rocks  investigated,  (1),  is  a  stiff 
paste  above  1600,°  whereas  the  basalt,  (3),  can  be  poured  at  a 
temperature  much  below  1300°  ;  and  yet  the  rhyolite,  in  vir- 
tue of  its  acidity  is  a  better  conductor  than  basalt  at  any  given 
temperature. 

*Kohlrausch,  Wied.  Ann.,  vi,  pp.  145  et  seq.,  1879. 


Digitized  by  VjOOQIC 


248        Barus  and  Iddings — EUetric  oondvMivity^  etc. 

The  table  also  shows  that  the  condactivity  of  rock  ma^as 
at  high  temperatures  is  considerable  even  when  they  have 
passed  from  a  liquid  to  a  solid  state,  that  is,  when  they  exist 
as  highly  heated  glasses. 

In  general,  therefore,  a  thorough  change  of  chemical  struc- 
ture tnrough  ionic  diffusion,  whetner  directed  by  an  electrical 
field  or  otherwise,  must  be  an  easy  possibility  in  a  sufficiently 
temperatured  but  otherwise  solid  magma. 

§  6.  The  second  point  gained  is  more  specific.  Kohlransch* 
has  showfx  that  the  contribution  of  a  single  ion  in  promoting 
electrical  conductivity  decreases  with  the  number  of  ions  pres- 
ent. In  other  words  in  concentrated  solutions  the  ions  are 
stopped  en  route  by  what  may  be  termed  friction,  but  what  is 
probably  temporary  intercombination  with  each  other.  Hence 
their  mean  velocity,  and  consequently  the  specific  molecular 
conductivity  of  the  solution  falls  short  of  the  proportionate 
quantity.  Moreover,  it  is  perfectly  well  knownf  tnat  many 
solutions  (HjSO^,  HCl,  ZnSO^  etc.)  show  maxima  of  electric 
conductivity  for  gradual  changes  of  concentration.  The  case 
of  an  aqueous  electrolyte  decreasing  in  electric  conductivity 
with  increasing  concentration  is  therefore  given  by  many  ex- 
amples, and  doubtless  their  number  could  be  indefinitely 
increased  by  employing  aqueous  solutions  at  high  temperatures 
under  pressure. 

Now  this  is  exactly  what  we  observe  in  our  series  of  three 
silicate  solutions.  Conduction  increases  markedly  from  (3)  to 
(1),  that  is,  from  basic  to  acid,  and  it  seems  altogether  probable 
that  the  anticipative  maximum  will  correspond  to  a  degi-ee  of 
silicic  dilution  greater  than  75  per  cent  of  silica. 

Tracing  this  inference  further  we  come  to  the  conclusion 
that  pure  silica  is  probably  an  insulator,  or  that  it  occupies  a 
position  in  siliceous  electrolysis  very  closely  analogous  to  that 
of  water  in  aqueous  electrolysis.  It  is  to  be  remarked  that  we 
here  refer  to  the  electrolytic  solvent  and  leave  the  question  of 
chemical  solvent  temporarily  out  of  consideration.  This  is  in 
accord  with  the  observations  of  Warburg,:]:  who  has  elaborately 
investigated  the  insulation  of  a  film  of  pure  silica  at  about  300,^ 
the  film  having  been  produced  by  the  electrolysis  of  glass. 
The  insulator  was  found  to  be  so  perfect  that  the  capacity  of 
the  condenser  was  measureable.  The  insulation  of  quartz 
relative  to  glass  has  to  some  extent  (as  far  as  224^)  been  tested 
by  Warburg  and  Tegetmeier,§  though  the  conditions  were 
complicated  in  this  instance  both  by  crystalline  structure  and 
the  impurity  of  the  mineral. 

*  Kohlrauflch,  1.  c.  p.  183.  \  1.  c.  p.  43. 

t  Warburg,  Wied.  Ann.,  xxi,  p.  622,  1884. 

§  Warburg  and  Tegetmeier,  Wied.  Ann.,  xxxv,  p.  463,  466,  1888. 
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§  7.  Conclu8io7i, — Looking  at  our  results  as  a  whole  we  find 
them  trenching  in  a  novel  way  on  the  solution  theories  of 
Arrhenius,  Ostwald  and  vant'  HoflE.  It  is  diflScult  to  withhold 
one's  assent  from  the  proposition,  that  the  ions  of  a  molten 
magma  are  largely  present  in  the  dissociated  state,  and  more 
especially  so  as  we  approach  very  acid  magmas.  Terms  like 
colloid  applied  to  these  magmas  are  absolutely  without  rele- 
vancy so  far  as  we  can  make  out.  To  the  extent  of  our  enquiry, 
the  behavior  of  molten  rock  magmas  is  in  its  nature  quite  iden- 
tical with  that  of  any  aqueous  or  other  solution,  the  diflEerence 
being  one  of  solvent. 

The  above  paragraphs  gfve  a  mere  draft  of  a  series  of  ex- 
periments which  we  propose  to  carry  out  with  greater  vigor. 
We  desire,  however,  to  express  our  conviction  that  electro- 
lytic resistance  is  not  only  a  valuable  aid  to  petrological 
research,  but  that  the  definition  of  molecular  structure  is 
possibly  within  the  reach  of  the  method. 


Art.  XXXIII. — Estimatioii  and  Dehydration  of  Silver 
Oxide;  by  M.  Carey  Lea. 

In  some  analytical  determinations  it  became  necessary  to 
estimate  silver  oxide  and  the  question  arose  at  what  tempera- 
ture the  moist  oxide  could  be  perfectly  dried,  and  also  at  what 
temperature  it  began  to  lose  oxygen.  As  no  such  data  are  to 
be  found,  they  had  to  be  determined,  and  the  results  obtained 
may  possibly  be  of  use  to  others. 

Moist  oxide  precipitated  by  perfectly  pure  sodium  hydrate 
obtained  from  metallic  sodium,  and  thoroughly  washed,  was 
dried  at  100°  C.  for  20  hours.  Of  this  material  1-6528  grams 
was  taken  and  heated  again  to  100°  for  20  more  hours,  after 
which  heating  it  weighed  1*5524,  a  loss  of  0*0004  grams. 
It  was  next  heated  to  160°-166°  C.  for  five  hours  and  was 
then  found  to  weigh  1*5389  grams,  a  loss  of- 0*0135  gram. 
It  was  then  replaced  in  the  oven  and  heated  5  more  hours. 
No  loss  whatever  of  weight  could  be  detected  resulting  from 
this  second  heating.  The  oxide  was  then  ignited  and  gave 
14358  grams  of  silver. 

Taking  the  atomic  weight  of  silver  at  107*66  and  O  =  16 
argentic  oxide  should  contain  6*92  per  cent  of  oxygen  (more 
exactly  6*917). 

From  the  foregoing  it  follows  that  moist  silver 
oxide  dried  for  40  hours  at  100°  lost  by 

ignition 7*51  per  cent 

The  same  oxide  with  10  hours  drying,  at  160°- 

165°  C.  lost  by  ignition 6'70         " 

Calculation  for  Ag,0  gives  for  O 6*92        " 
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It  follows  that  after  40  hours  drying  at  100°  the  oxide  has 
reached  a  constant  weight  and  still  retained  0*59  per  cent  of 
moisture.  When  heated  to  160-165°  till  constant  in  weight  it 
had  lost  0*22  per  cent  of  oxygen. 

It  was  next  attempted  by  a  shorter  second  heating  and  a 
lower  temperature  to  expel  the  water  alone.  Silver  oxide  was 
dried  for  20  hours  at  100°  and  was  then  heated  for  2  hours  to 
130°-135°  C.  Of  this  oxide  1-8043  gram  was  i^ited  and 
left  1-6701  gram  of  silver,  indicating  a  loss  by  ignition  of 
7*44  per  cent.  This  was  only  -07  less  than  when  the  heat  was 
not  raised  above  100°  C,  showing  that  the  oxide  is  not  dehy- 
drated by  exposure  to  a  temperature  of  130°-135°  C. 

The  conclusion  to  be  drawn  would  apparently  be  that  the 
point  at  which  the  last  portions  of  water  were  driven  off  was 
very  close  to  that  at  which  oxygen  began  to  be  disengaged. 
It  can  be  shown  however  that  this  is  not  so  and  that  oxygen  is 
lost  long  before  the  last  portions  of  water  escape.  This  can  be 
proved  by  the  delicate  photochloride  reaction  which  I  de- 
scribed some  years  ago.  If  the  silver  oxide,  dried  as  above 
described  at  100°  C  till  it  reaches  a  constant  weight,  is 
moistened  with  dilute  hydrochloric  acid,  a  chloride  is  obtained 
of  a  deep  lilac  color.  This  color  always  denotes  the  presence 
of  hemichloride  due  to  the  fact  that  a  certain  portion  of  the 
oxide  had  been  reduced  to  hetnioxide.  The  hemichloride 
combining  with  the  white  chloride  forms  a  photochloride  char- 
acterized by  the  coloration  just  mentioned. 

A  really  accurate  estimation  of  silver  oxide  is  therefore  im- 
possible, as  it  loses  oxygen  too  easily. 

Silver  oxide  is  not  supposed  to  form  a  hydrate,  nevertheless 
some  portion  of  moisture  remains  united  with  it  more  strongly 
than  some  part  of  the  oxygen  with  which  it  combines  to  form 
a  strong  base. 

But  it  also  appears  that  the  loss  of  oxygen  is  very  small  and 
soon  ceases  even  at  leO^-ieS"*  C.  For  after  5  hours  exposure 
to  that  temperature,  the  weight  became  constant. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Phenomena  of  Coal-dust  Explosions. — ^Thobpe  has 
described  a  lecture  experiment  to  ilhistrate  the  phenomena  which 
are  observed  in  explosions  wherein  light  combustible  solids  like 
coal  dust  suspended  in  the  air  are  the  chief  combustibles.  In  coal 
mines  opinions  are  divided  as  to  whether  coal  dust  alone  in  the 
air  can  give  rise  to  explosions,  or  whether  it  can  do  so  only  when 
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mixed  with  fire  damp.  The  apparatus  employed  by  Thorpe  con- 
sists of  a  narrow  box  of  wood  12  feet  long  and  5  inches  square 
intersected  at  its  middle  point  by  a  second  similar  box  6  ft.  long. 
Both  boxes  are  open  at  the  ends  and  are  provided  with  lids 
attached  with  strong  hinges  and  hasps.  They  are  made  of  inch 
oak  and  are  put  together  with  screws.  At  one  end  of  the  long 
box  is  a  slide ;  and  the  end  itself  fits  into  a  quadrangular  box  9 
inches  square,  furnished  with  a  lid  on  top  and  a  small  hole  for 
the  introduction  of  a  tube  carrying  ejas.  On  delivering  into  the 
box  such  an  amount  of  gas  as  will  make  an  explosive  mixture 
(best  from  a  graduated  bell-jar  over  water)  and  on  strewing  coal 
dust  along  the  entire  length  of  the  boxes,  a  blank  cartridge,  fired 
from  a  pistol  through  the  lid  of  the  box  to  illustrate  the  effect  of 
a  blast,  raised  a  dust  cloud  which  ignited  by  the  explosion,  projects 
a  fiame  several  feet  long  from  the  farther  end  of  the  box.  To 
illustrate  a  local  explosion  of  fire  damp,  the  slide  at  the  end  of 
the  box  is  pushed  in  and  an  explosive  mixture  is  made  in  the  box 
beyond  it.  The  slide  is  then  withdrawn  and  a  match  applied. 
The  explosion  raises  a  cloud  of  dust  and  this  by  its  violent  igni- 
tion produces  a  continuous  cloud  along  the  whole  length  of  the 
box  which  is  driven  out  four  or  five  feet  from  the  remote  end. 
Little  heaps  of  gunpowder,  or  pieces  of  touch  paper  placed  at 
intervals  along  the  box,  are  rarely  fired. — J.  Chem,  Soc,^  Ixi,  414, 
May,  1892.  g.  f.  b. 

2.  On  certain  Kew  forms  of  Carbon, — A  new  variety  of  car- 
bon has  been  obtained  by  Luzi.  When  a  piece  of  porcelain,  such 
as  a  crucible  or  crucible-cover,  is  heated  in  a  blast  furnace  to  the 
highest  attainable  temperature,  say  to  1770**  C,  the  fusing  point  of 
platinum,  and  then  the  access  of  air  is  cut  off,  the  highly  heated 
porcelain  is  surrounded  by  a  smoky  flame,  which  is  allowed  to  act 
upon  it  for  ten  or  fifteen  minutes.  On  removing  the  piece  of 
porcelain  from  the  furnace,  it  is  found  to  be  covered  with  a 
peculiar  deposit  of  carbon.  If  it  was  unglazed,  the  deposited 
carbon  resembles  graphite ;  but  if  glazed,  the  deposit  is  bright 
and  silvery  and  has  a  metallic  luster,  resembling  closely  a  silvered 
mirror.  Portions  of  the  deposit  adhere  so  firmly  that  they  can 
be  polished  with  a  cloth  ;  others  separate  in  the  form  of  mirror- 
like  facets  of  high  luster.  Loose  portions  can  be  pulled  off;  and 
then  they  curl  up  into  rolls  like  metal  shavings.  They  are  ex- 
ceedingly light  and  stick  to  the  fingers  like  silver  leaf.  This  form 
of  carbon  is  free  from  ash  and  does  not  contain  hydrogen ;  nor 
does  it  give  the  nitric  acid  reaction  for  graphite.  Moreover  it  is 
absolutely  opaque.  The  author  has  also  examined  17  additional 
varieties  of  natural  graphite  by  his  nitric  acid  reaction.  Nine  of 
these  give  the  reaction  and  are  therefore  graphite  proper;  eight 
do  not  and  are  therefore  included  in  the  second  class  which  he 
calls  graphitite.  Of  the  31  specimens  thus  far  examined  16  were 
graphite  and  16  graphitite.  The  blackish-gray  substance  into 
which  diamond  is  converted  on  heating,  and  which  resembles 
graphite,  did  not  give  the  nitric  acid  reaction. — Ber,  BerL  Chem. 
Qes.  XXV,  214,  February,  1892.  g.  f.  b. 
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3.  On  Quinitey  the  simplest  Sugar  of  the  Inosite  group. — 
Since  Maqaenne  proved  inosite  to  be  a  six-fold  hydroxylized 
hexamethylene,  it  was  to  be  expected  that  the  hydroxyl  deriva- 
tives of  this  substance  which  are  poorer  in  oxygen  would  possess 
sugar-like  properties.  Baetbr  has  now  succeeded  in  reducing 
the  jo-diketone  of  hexamethylene  by  means  of  sodium  amalgam 
to  the  glycol  of  hexamethylene.  To  purify  it,  he  converted  it 
into  the  diacetyl  derivative  and  this  on  saponification  with  barium 
hydrate  gave  the  pure  glycol,  CgH,,0,.  It  is  cistrans-paradioxy- 
hexamethylene  and  resembles  in  appearance  and  behavior  a  sugar 
of  the  mannite  group.  It  is  permanent  toward  permanganate 
solution  and  Fehling's  solution,  tastes  at  first  sweet  and  then 
bitter.  It  is  easily  soluble  in  water  and  alcohol,  fuses  at  143°~ 
145°,  and  distils  without  decomposition.  According  to  its  forma- 
tion it  is  a  hexahydro-hydroquinone,  and  in  that  case  would  afford 
on  heating  with  chromic  acid  qninone.  Since  it  possesses  sugar- 
like properties  and  is  the  simplest  representative  of  the  inosite 
group,  the  author  proposes  for  it  the  name  quinite.  The  prepara- 
tion of  this  substance  opens  the  way  apparently  for  the  produc- 
tion of  other  hydrobenzene  compounds. — Ber.  Jberl.  Chem.  Ges,^ 
XXV,  1037,  March,  1692.  g.  f.  b. 

4.  On  the  Relation  between  the  Color  of  Compounds  and 
their  Chemical  Constitution, — From  an  extended  study  of  a  large 
number  of  colored  compounds  both  organic  and  inorganic, 
ScHUTZE  has  obtained  some  results  going  to  show  a  relation  be- 
tween the  color  of  these  substances  and  their  chemical  constito* 
tion.  These  results  he  sums  up  as  follows  :  (1)  A  displacement 
of  the  absorption  from  the  violet  toward  the  red  corresponds  to 
the  color-changes  greenish-yellow,  yellow,  orange,  red,  reddish- 
violet,  violet,  blue-violet,  blue,  blue-green,  etc.;  this  order  of 
change  being  called  "  lowering  the  tint."  A  displacement  from 
red  to  violet  corresponds  to  an  inverse  color  change,  i  e.,  to  a 
'^raising  of  the  tint."  (2)  Atoms  and  atomic  groups  on  entering 
a  molecule  produce,  for  compounds  of  the  same  chromophore  and 
for  the  same  solvent,  a  characteristic  lowering  of  color-tint 
(bathochromic  groups)  or  a  raising  of  the  color  tint  ^hypsochro- 
mic  groups).  (3)  Hydrocarbon  radicals  act  always  bathocnromic; 
so  that  m  homologous  series  the  shade  deepens  as  the  molecular 
mass  rises.  (4)  The  color-changing  action  of  the  elements  of  the 
same  periodic  group  also  increases  with  an  increase  in  the  atomic 
mass.  (5)  Addition  of  hydrogen  is  always  accompanied  by  a 
raising  of  the  tint.  (6)  The  raising  or  lowering  of  tne  color-tint 
(displacement  of  the  absorption  toward  the  violet  or  the  red)  by 
the  substitution  of  hypsochromic  or  bathochromic  groups,  or  by 
the  addition  or  removal  of  hydrogen,  is  the  more  decided  the 
nearer  the  chemical  change  which  takes  place  is  to  the  chromo- 
phore. In  general  the  distances  of  the  atoms  from  one  another 
given  by  structural  formulas  correspond  to  their  actual  distances; 
in  some  cases,  however,  it  appears  that  as  in  the  di-derivatives  of 
benzene,  the  substituents  in  the  para  position  are  nearer  to  each 
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other  than  are  those  in  the  meta  position.  (7)  These  rules  hold 
good  only  for  *' raonochromophoric "  compounds  and  for  such 
**  dichromophoric  "  ones  as  have  equal  color-groups  influenced  in 
the  same  way  by  the  neighboring  atoms.  The  color  of  an  unsym- 
metrical  diazo-compound  of  the  type  Y-A-X-A-Z  is  approxi- 
mately the  same  as  that  of  a  mixture  of  the  two  symmetrical 
compounds  Y-A-X-A-Y  and  Z-A-X-A-Z. — Zeitachr.  physikal. 
Chem.^  ix,  109,  February,  1892.  g.  f.  b* 

5.    On  JBVee  Hydroxylamine. — The  assumption  that  hydroxyl- 
amine  is  not  capable  of  existing  free,  arose  apparently  from  the 

Eresence  of  water  in  the  process  employed.  Loiiby  db  Brutne 
as  now  succeeded  in  isolating  it  by  acting  on  hydroxylamine 
hydrochloride  dissolved  in  absolute  methyl  alcohol,  with  nearly 
the  theoretical  quantity  of  a  concentrated  solution  of  sodium 
methoxide,  at  a  gentle  beat.  Tbe  sodium  chloride  produced  was 
filtered  off  and  the  filtrate  was  distilled  under  a  pressure  of  160- 
200™°* ;  since  at  this  reduced  pressure  the  alcohol  carried  off  less 
hydroxylamine.  When  most  of  the  alcohol  had  been  thus  re- 
movedy  dry  ether  was  added.  This  separated  the  liquid  into  two 
layers,  the  upper  containing  5*5  per  cent  hydroxylamine,  the  lower 
53*5  per  cent.  The  lower  layer  again  distilled  under  a  pressure 
of  166""  until  the  temperature  rose  to  86*'  gave  a  solution  con- 
taining 70  per  cent  of  hydroxylamine.  Finally,  all  the  solutions 
were  mixed  and  distilled  under  a  pressure  of  60"".  The  residue, 
containing  80  per  cent  of  hydroxylamine,  was  fractionated  in 
three  portions^  the  .last  of  which  solidified  in  long  needles  in  the 
cold  receiver.  This  after  pressing  between  filter  paper,  contained 
99-4  per  cent  hydroxylamine.  In  this  form  it  is  a  hard  crystalline 
mass,  very  hygroscopic  and  fusing  at  about  27*5°.  Sodium 
chloride  readily  dissolves  in  it  and  potassium  nitrate  liquefies  it, 
so  that  it  resembles  water.  Sodium  attacks  it  strongly.  It  is 
inodorous  and  somewhat  denser  than  water.  When  heated  rapidly 
on  platinum  foil  it  explodes  with  a  clear  yellow  flame.  It  is 
scarcely  soluble  in  chloroform,  benzene,  ether,  ethyl  acetate  or 
carbon  disnlphide.  Exposed  to  the  air  it  first  liquefies  and  then 
evaporates.  It  appears  to  be  stable  alone  as  well  as  in  solution. 
— Rec,  trav,  Chim.^  x,  100;  J.  Chem.  Soc,  Ixii,  402,  April,  1892. 

G.  p.  B. 
7.  Physical  and  chemical  phenomena  under  the  influence  of 
very  loto  temperatures. — M.  Raoul  Piotbt  states  that  heat-waves 
corresponding  to  low  temperatures  traverse  all  bodies  with  hardly 
any  resistance.  A  test  tube  filled  with  chloroform  was  placed  in 
a  nitrous  oxide  refrigerator  at  ^120°.  A  thermometer  in  the 
tube  showed  a  gradual  fall  to  ~68°'5,  when  crystallization  com- 
menced. On  removing  the  test  tube  to  a  refrigerator  at  —80% 
the  temperature  indicated  by  the  thermometer  fell  rapidly  from 
— 68**5  to  —  80,  while  the  crystals  formed  on  the  walls  of  the 
test  tube  fused  and  disappeared.  On  replacing  it  in  the  —120° 
refrigerator,  the  temperature  rose  to  — 68"'5,  and  the  crystals 
reappeared.   M.  Pictet  explains  these  phenomena  by  supposing  his 
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thermometers  to  have  acted  as  thermo-dynamometers  rather  than 
thermoscopes.  While  the  crystals  were  forming  in  the  first 
refrigerator,  the  radiation  from  the  bulb  was  neutralized  by  the 
latent  heat  given  out  by  the  chloroform  in  crystalliziag,  whereas 
in  the  warmer  refrigerator  the  crystals  did  not  form,  and  radia- 
tion alone  was  active.  Alcohol  and  sulphuric  ether  thermometers 
were  used,  which  were  checked  by  thermometers  containing  dry 
hydrogen  at  four  different  pressures. —  Comptes  JRenduSy  May  30, 
Nature,  June  9,  1892.  j.  t. 

8.  Neio  method  of  determining  the  specific  inductive  capacity 
of  a  dielectric,^  F.  T.  Teouton  and  W.  E.  Lilly  point 
out  that  the  comparison  between  the  energy  of  a  condenser 
charged  with  a  certain  quantity  of  electricity,  first  as  an  air  con- 
denser and  secondly  with  a  dielectric  sheet  between  the  plates, 
shows  that  the  energy  in  the  first  case  is  greater  than  in  the 
second,  and  therefore  the  dielectric  sheet  will  be  drawn  in  between 
the  plates ;  for  the  electric  energy  of  the  system  being  less  after 
the  introduction  of  the  dielectric  than  before,  work  must  have 
been  done  by  the  electric  forces  during  the  operation.  The 
amount  of  this  force  depends  on  the  specific  inductive  capacity 
of  the  dielectric,  and  by  observing  this  force  the  specific  induc- 
tive capacity  may  be  determined  for  any  given  substance.  The 
authors  describe  a  method  of  measurement,  and  show  its  applica- 
bility.— Fhil.  Mag.y  June,  1892,  pp.  629-532.  j.  t. 

9.  Action  of  the  Electric  discharge  on  Oases  and  Vapors. — 
C.  LuDEKiNG  has  made  a  number  of  experiments  to  determine 
whether  electrolysis  takes  place  in  the  action  of  the  electric  dis- 
charge on  gases  and  vapors.  He  concludes  that  "  some  of  the 
phenomena  noted  were  in  part  due  to  true  electrolysis.  Others 
seem  to  be  '  thermolysis,'  that  is  the  compounds  are  simply  dis- 
sociated by  the  heat' of  the  discharge.  The  predilection  of  the 
atoms,  thus  liberated,  for  electricity  of  different  kinds  would 
make  them,  like  pith  balls,  fly  to  the  pole  having  the  charge 
opposite  their  own,  and  thus  give  the  entire  phenomenon  the 
appearance  in  all  respects  of  a  true  electrolysis,  while  in  reality 
there  is  the  greatest  possible  difference." — Phil.  Mag,y  June,  1892, 
pp.  621-528.  J.  T. 

10.  Ratio  between  the  Electromagnetic  and  Electrostatic  Units. 
— A  new  determination  has  been  made  by  M.  H.  Abraham  of 
the  value  of  v.  The  method  employed  was  that  of  measuring 
the  capacity  of  a  plane  condenser  with  guard  ring  in  both  sys- 
tems. The  value  obtained  was  v =299*2  X 10*. —  Comptes  Rendus, 
June  7,  1892.  j.  t. 

11.  Influence  of  Electrification  on  Cloud  Condensation. — Mr. 
John  Aitken  has  studied  this  subject,  using  a  steam  jet — and 
finds  that  the  mere  presence  of  an  electrified  body  has  no  infla- 
ence  on  the  steam  jet.  In  order  to  produce  the  increased  density 
the  water  particles  in  the  jet  must  be  electrified  either  by  direct 
discharge,  or  by  an  inductive  discharge,  effected  either  by  means 
of  a  point  or  a  name.    The  increased  density  produced  by  eleotri- 
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fication  is  due  to  an  increase  in  the  number  of  water  particles  in 
the  jet,  by  the  electrification  presenting  the  small  drops  coming 
in  contact  by  their  mutual  repulsions,  in  the  same  manner  as  the 
water  drops  in  Lord  Rayleigh's  experiments  with  water  jets, 
which  scatter  more  when  electrified  than  when  not  electrified. 
The  coalescence  of  the  drops  in  water  jets  takes  place  only 
under  the  disturbance  produced  by  the  presence  of  an  electrified 
body,  while  such  a  disturbance  produces  no  effect  on  steam  jets. 
The  action  of  electricity  does  not  seem  to  be  positive,  as  it  has  no 
effect  on  a  mixture  of  hot  moist  air  and  cold  air.  It  seems  rather 
to  prevent  something  which  takes  place  in  the  jet  under  ordinary 
conditions.  The  jet  on  becoming  dense  emits  a  peculiar  sound 
which  is  the  same  whatever  be  the  cause  of  the  increased  density. 
Bat  when  electrified,  along  with  this  sound  there  is  another,  due  to 
the  discharge  of  the  electricity,  which  causes  the  electrified  jet  to 
appear  to  make  a  louder  noise. — Royal  Society^  April  28,  1892; 
Nature^  May  26,  1 892.  j.  t. 

12.  The  thermal  variation  of  viscosity  and  of  electrolytic  re- 
sistance;  by  Carl  Babus.— Experiments  made  on  the  effect  of 
temperature  {0)  on  the  viscosity  (;;)  of  a  very  viscous  substance 
like  marine  glue  showed  that  log  r/p^ q  =  log  r]^^-  Bd  very  fully 
reproduced  the  results.  The  subscripts  give  the  quantities  con- 
stant and  variable  ;  p  denotes  pressure  ,  and  B  is  constant.  For 
napierian  logarithms,  absolute  measure,  ''C,  and  marine  glue, 
T}^-=  10"  and  J?  =  '379.  In  other  words  the  rate  at  which  vis- 
cosity decreases  with  temperature  at  ^°,  is  proportional  to  the 
viscosity  at  0°, 

Experiments  made  on  the  effect  of  temperature  on  the  electro- 
lytic resistance,  r,  of  a  silicate  (diabase)  within  1500°  C,  showed 
that  log  {a-^-br)  =  log  {a-\-hr^  -bd,  very  fully  reproduced  the 
results.  Here  a  and  b  are  constant  and  a  merely  reflects  the 
observational  errors.  For  diabase,  megohms  and  °C.,  a  =:  '05, 
b  =  '009,  r^  =318X10*,  napierian  logarithms  being  taken.  If  a 
be  eliminated,  b  =*010.  In  any  case,  however,  the  rate  at  which 
electrolytic  resistance  decreases  with  temperatui:e,  at  the  tem- 
perature 6*,  is  proportional  to  the  resistance  at  6^.  Hence  viscosity 
and  electrolytic  resistance  conform  with  the  same  law,  and  I  infer 
that  a  common  kinetic  principle  underlies  both.  This  may  be 
stated  thus  :  The  rate  at  which  either  configurational  or  molecular 
instability  increases  at  the  temperature  d,  is  proportional  to  the 
instabilities  present  in  the  given  volume  at  that  temperature — 
supposing  that  the  number  of  unstable  configurations,  or  of  un- 
stable molecules,  respectively,  is  at  all  times  small  relative  to  the 
total  number  of  configurations  or  molecules.  (Cf.  this  Journal, 
xlii,  p.  136,  §  12,  1892.)  The  thermoelectric  equivalent,  c?  e  = 
A  e  d  0^1  will  soon  develop. —  Communicated  by  the  Author, 

13.  Outlines  of  Theoretical  Chemistry,  by  Lothar  Mbybb, 
translated  by  P.  Phillips  Bedson  and  W.  Carleton  Williams. 
With  a  preface  by  the  author.  220  pp.  8vo.  London  and  New 
York  (liongmans.  Green  &  Co.). — ^The  name  of  the  author  and 
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the  character  of  hiB  well  known  larger  work  upon  Modem  Theo- 
ries of  Chemistry  are  sufficient  guarantee  of  the  excellence  of 
this  new  volume.  Although  there  are  a  number  of  admirable 
books  at  hand  upon  the  philosophy  of  modem  chemistry,  each 
one  may  be  said  to  occupy  a  place  and  have  a  peculiar  value  of 
its  own,  and  this  is  particularly  true  of  this  work  by  Professor 
Meyer.  It  gives  a  clear,  well  balanced  discussion  of  the  variooB 
topics  embraced  under  the  head  of  theoretical  chemistry,  and 
would  be  read  with  profit  by  students  in  this  department  of 
science. 

14.  Theoretical  Mechanics :  A  class  book  for  the  elementary 
stage  of  the  Science  and  Art  Department,  by  J.  Spbnceb. 
243  pp.  12mo.  London,  1892  (Percival  and  Co.). — This  little 
book,  by  an  author  who  has  had  much  experience  in  this  line, 
fills  well  the  place  for  which  it  is  specially  prepared.  The  prin- 
ciples are  clearly  stated  and  liberally  illustrated  by  numerical 
examples.  If  the  solutions  by  geometrical  methods  seem 
awkward,  their  use  must  be  ascribed  to  the  fact  that  the  author 
is  not  at  liberty  to  assume  that  his  readers  have  a  knowledge  of 
trigonometry. 

15.  Die  JvegatiV'Retouche  nach  Kunst-  und  Naturgeaetzen,  Mit 
besonderer  Berttcksichtigung  der  Operation  (Beleuchtung,  Ent- 
wicklung.  Exposition)  und  des  photogr.  Publikums.  Ein  Lehr- 
buch  der  ktlnstlerischen  Retouche  fUr  Berufsphotographen  and 
Retoucheure  von  Hans  Arnold  480  pp.  Vienna,  Pest,  Leipzig, 
1891  (A.  Hartleben). — This  is  a  readable  volume  in  an  interest- 
ing branch  of  photography,  discussing  the  several  topics  with 
much  fullness ;  the  scope  of  the  work  is  given  in  the  title  quoted 
above  in  full. 

II.    Geology  and  Mineralogy. 

1.  Upraised  Coral  Islands  off  Neio  Guinea, — In  the  course 
of  a  journey  through  British  New  Guinea,  in  January  last,  the 
indefatigable  Administrator,  Sir  William  Macgregor,  examined 
and  described  several  remarkable  islands,  which  he  shows  to  be 
almost  certainly  ancient  atolls  that  have  been  elevated  by  steady 
horizontal  uplift.  The  island  generally  known  as  Eitava  (but 
called  Nowau  by  the  natives)  has  an  area  of  about  five  or  six 
square  miles,  it  appears  to  be  surrounded  by  a  fringing  reel 
Nearly  all  round  the  island  there  is  a  low  and  slightly  sloping 
margin  covered  with  trees,  and  about  a  quarter  of  a  mile  wide. 
This  terminates  inland  in  a  steep  coral  wall,  which  rises  abruptly 
to  the  height  of  300  or  400  feet,  and  is  covered  with  forest. 
Shells  in  the  coral  point  to  a  comparatively  recent  upheaval. 
From  the  crest  of  this  wall  the  land  dips  gently  to  a  plateau 
from  50  to  100  feet  lower,  which  occupies  the  center  of  the 
island.  The  plateau  is  undulating,  has  a  rich  chocolate  soil,  and 
being  protected  from  wind  by  the  raised  rim,  whilst  subject  to  a 
copious  rainfall,  it  is  very  fertile.     All  the  people  live  in  the 
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hollow,  so  that  from  the  sea  the  island  seems  to  be  uninhabited. 
The  central  hollow  is  drained  by  filtration  through  the  cracked 
and  porous  coral  rock.  Kwaiawata  Island,  which  is  from  one 
and  a  half  to  two  miles  in  diameter,  showed  precisely  the  same 
form  and  structure,  and  in  Gawa  Island  there  is  a  still  more 
perfect  instance  of  a  raised  atoll.  The  coral  wall  in  the  last 
instance  rises  so  abruptly  to  the  hei&^ht  of  about  400  feet  that 
part  of  it  has  to  be  climbed  by  ladders,  and  the  plateau  repre- 
senting the  old  lagoon  is  nearly  100  feet  below  the  level  of  the 
edge.  Iwa,  another  adjacent  island  about  a  mile  in  diameter  is 
of  the  same  kind,  only  the  gently  sloping  border  has  been  worn 
away,  and  the  coral  cliff  meets  the  sea  nearly  all  round. — Froc. 
Roy.  Geograph.  Sac,  June,  1892. 

2.    77ie    Origin  of  Igneous  Rocks.— ^\r.  J.  P.  Iddings,  in  a 

5aper  read  before  the  Philosophical  Society  of  Washington  in 
une  last  (Bull.,  vol.  xii),  has  made  a  very  important  contribution 
to  science  on  the  Origin  of  Igneous  Rocks.  After  mentioning  at 
length  the  opinions  that  have  been  presented  on  the  subject,  he 
considers  the  intimate  relations  of  the  various  igneous  rocks  in 
mineralogical  constitution,  and  especially  in  chemical  composi- 
tion, illustrating  the  subject  with  a  large  array  of  facts  and 
tables  of  analyses.  Further,  the  associations  or  groupings  of  the 
different  kinds  of  rocks  in  various  regions  of  eruption  and  the 
order  of  succession  in  origin  or  outflow  in  each  region  are 
reviewed.  After  a  careful  and  judicious  survey  of  these  subjects 
in  their  various  relations,  the  author  presents  the  following  con- 
clusions. 

The  differences  in  kinds  of  igneous  rocks  are  not  due  to  the 
existence  of  two  or  more  subterranean  zones  of  unlike  magmas, 
or  of  zones  of  unlike  rock-material  which  under  physical  changes 
might  become  such  magmas  ;  but  they  arise  from  the  local  differ- 
entiation of  a  common  magma ;  and  the  series,  in  any  region  of 
eruption,  usually  commences  with  a  kind  having  the  mean  com- 
position of  the  series  and  ends  with  rocks  of  one  or  both 
extremes.  Mr.  Iddings  remarks  that  this  law,  while  it  has  its 
exceptions,  holds  for  all  the  localities  that  he  had  personally 
studied,  and  for  the  order  of  eruption  described  by  Prof.  Judd 
for  the  lavas  of  the  Lipari  Island,  "  which  began  with  rocks  of 
intermediate  composition  and  has  reached  the  stage  where  rhyo- 
lite  and  basalt  are  being  thrown  out."  Other  conclusions  are: 
that  the  variation  in  the  composition  of  the  rocks  of  a  series  of 
eruptions  at  any  volcanic  center  is  the  result  of  the  chemical 
difTerentiation  of  a  magma  of  mean  or  intermediate  composition  ; 
that  molten  magmas  are  essentially  solutions,  as  put  forth  by 
Bunsen — a  point  illustrated  in  the  experiments  by  Barus  and 
Iddings  described  on  a  preceding  page ;  that  in  each  case  those 
portions  of  the  magma  which  were  the  later  to  crystallize  may 
be  considered  as  having  been  a  solvent  for  the  other  portions — a 
solvent  not  for  the  silicates  necessarily  but  for  their  constituents; 
that  the  differentiation  in  any  case  is  due  chiefly  to  differences  in 
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temperature,  the  temperature  varying  with  the  condition  of  the 
source  of  the  magma,  its  relations  to  the  enclosing  material,  and 
other  causes. 

The  views  presented  by  Mr.  Iddings  tend  to  simplify  greatly 
the  subject  of  rocks,  as  the  author  states  in  his  concluding  para- 
graph :  "  The  confusion  which  has  overtaken  the  classification  of 
igneous  rocks  and  the  burden  which  is  being  heaped  up  by  the 
present  tendency  to  multiply  its  terminology  by  creating  names 
for  each  modification  of  rock,  will  find  their  remedy  in  a  more 
logical  conception  of  the  true  nature  of  the  differences  and  rela- 
tions of  rocks." 

3.  Bulletin  of  the  Philosophical  Society  of  Washington ^  vol. 
xi,  618  pp.,  8vo.  Washington,  1892. —This  volume,  covering 
the  years  1888  to  1891,  inclusive,  contains  valuable  papers  by 
Prof.  Langley,  Capt.  C.  E.  Dutton,  J.  P.  Iddings,  E.  D.  Preston, 

F.  W.  Clarke,  J.  R.  Eastman,  Everett  Hayden,   W.  J.  McGee, 

G.  H.  Eldridge,  Whitman  Cross,  and  H.  W.  Turner. 

Captain  Dutton's  paper  "  On  the  greater  problems  of  Physical 
Geography,^^  relates  to  the  earth's  form,  changes  of  level,  and 
mountain-making.  In  it  he  proposes  (on  p.  53),  the  term  isostasy 
for  *'  the  condition  of  equilibrium  of  figure  to  which  gravitation 
tends  to  reduce  a  planetary  body  irrespective  of  whether  it  be 
hopogeneous  or  not,"  and  discusses  "  How  nearly  does  the 
earth's  figure  approach  to  isostasy?"  He  speaks  of  the  theory 
he  presents  as  a  modified  form  of  the  theory  of  Herschel  and 
Babbage.  The  effects  of  denudation  and  transportation  in  deter- 
mining movement  of  material  under  the  law  of  isostasy  are  also 
considered,  and  concluded  to  be  such  along  coasts  as  would 
shove  the  material  of  the  sea  bottoms  landward.  Mr.  Dutton 
argues  also  that  they  might  produce  systematic  plications  like 
those  of  the  Appalachians,  slating  as  an  "important  fact  that 
these  systematic  flexures  were  mainly  formed  at  the  times  the 
sediments  were  deposited,"  and  that  **  this  is  a  fact  of  geologic 
observation."     Whose  "observation"  is  not  mentioned. 

Mr.  Dutton  remarks  that  isostasy  offers  no  explanation  of 
the  great  permanent  changes  of  level ;  that  its  very  idea  means 
the  conservation  of  profiles  against  lowering  by  denudation  on 
the  land  and  by  deposition  on  the  sea-bottom ;  that  the  cause  of 
permanent  changes  in  the  profiles  of  the  land  and  sea-bottom,  or 
the  real  nature  of  the  uplifting  force,  is  an  independent  one,  and 
to  him  *'an  entire  mystery."  "But,"  he  adds,  "I  think  we  may 
discern  one  of  its  attributes,  and  that  is  a  gradual  expansion,  or 
a  diminution  of  density,  of  the  subterranean  magmas.  If  the 
isostatic  force  is  operative  at  all,  this  expansion  is  a  vigorous  con- 
sequence; for  whenever  a  rise  of  the  land  has  taken  place  one  of 
two  things  has  ha|>pened :  the  region  affected  has  either  gained 
an  accession  of  mass,  or  a  mere  increase  of  volume  without  in- 
crease of  mass."  The  former  supposes  a  raising  of  the  plateau 
against  its  own  rigidity  and  its  statical  weight;  the  latter  no 
overcoming  of  resistance;  and  hence,  Mr.  Dutton  infers  that  the 
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cause  of  elevation,  whatever  it  may  be,  involves  the  expansion  of 
the  underlying  magmas  and  the  cause  of  depression,  their  shrink- 
age. 

4.  Siliceous  bed  co^isisting  of  Diatoms^  Radiolarians  and 
Sponge-spicules,  in  the  Eocene  of  New  Zealand. — This  siliceous 
bed  of  organisms,  occurring  on  the  east  coast  of  the  South  Island 
of  New  Zealand  at  Oamaru,  whose  Sponge-spicules  are  described 
by  Dr.  G.  J.  Hindc  and  W.  M.  Holmes  (in  the  J.  Linn.  Soc, 
1892),  is  regarded  as  probably  a  deep-sea  deposit,  "comparable 
with  the  Diatom  ooze  which  now  forms  a  belt  of  varying  width 
surrounding  the  South  Polar  Regions,  between  the  Antarctic 
Circle  and  the  40th  parallel,"  at  "  a  depth  of  600  to  1975  fathoms, 
and  an  average  of  1477  fathoms.  A  bluish  siliceous  deposit  now 
found  off  the  same  east  coast  at  depths  of  700  to  1100  fathoms 
is  very  different  in  consisting  chiefly  of  material  from  the  land 
with  few  siliceous  organisms. 

5.  A  Pteliminary  Catalogue  of  the  systematic  Collections  in 
Economic  Geology  and  Metallurgy  in  the  U,  S,  National  Mu- 
seum^ by  Frederic  P.  Dewey.  250  pp.  8vo.  Washington, 
1891  (Bulletin  of  the  United  States  National  Museum,  No.  42). — 
This  bulletin  gives  not  only  a  full  description  of  the  National 
Museum  collections,  but  also  a  valuable  account  of  mining  and 
metallurgical  processes  in  the  different  parts  of  the  country, 
illustrated  by.  many  admirable  plates. 

6.  The  Palmoniology  of  the  Cretaceous  formation  on  Staten 
Island;  by  Arthur  Hollick.  Reprint  from  Trans.  N.  Y. 
Acad.  Sci.,  vol.  xi,  1892. — Dr.  Ilollick  gives  iii  this  paper  a  brief 
summary  of  the  various  discoveries  that  have  been  made  by  him- 
self and  others  of  animal  and  vegetable  remains  on  Staten  Island. 
They  consist  altogether  of  eight  species  of  molhisks  and  a  dozen 
or  more  of  plants,  many  of  them  in  a  bad  state  of  preservation. 
They  were  found  at  Kreischerville,  Tottenville,  Eltingville, 
Prince's  Bay,  Arrochar  and  Clifton,  in  more  or  less  ferruginous 
and  concretionary  matter  underneath  the  bowlder  drift  or  some- 
what mingled  with  it  and  bearing  evidence  of  considerable  dis- 
turbance. Only  at  Kreischerville  are  the  Cretaceous  clays  found 
in  place.  The  shells  are  of  marine  Cretaceous  type  and  the 
plants  are  characteristic  forms  of  the  Amboy  clays  of  New 
Jersey  across  the  Kill  and  the  Raritan,  most  of  which,  however, 
were  originally  described  by  lleer  from  the  Cretaceous  of  Green- 
land, or  by  Lesquereux  from  the  Dakota  formation.  The  plants 
were  all  found  at  Tottenville  and  Prince's  Bay,  and  Dr.  Hollick 
shows  that  their  occurrence  can  be  accounted  for  on  the  theory 
of  glacial  transportation  from  the  well-known  plant-beds  of  the 
Woodbridge  district,  but  he  thinks  the  marine  shells  of  Arro- 
char, sheltered  on  the  west  by  the  Archajan  ridge,  do  not  admit 
of  this  explanation  and  must  be  regarded  as  in  place.  The 
paper  is  illustrated  by  four  plates,  three  of  which  are  devoted  to 
the  plants.     The  figures  are  remarkably  clear  and  instructive. 

L.  F.  w. 
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7.  Unteraachungeji  Hber  fossile  Holzer  Schwedens ;  von  H. 
CoNWBNTz.  Kongl.  svenska  Vetenskaps-Akademiens.  Baudet 
24,  No.  13. — The  vegetable  remains  described  in  this  important 
memoir  all  come  from  the  southern  extremity  of  Sweden,  some- 
times called  Scania,  in  which  so  many  horizons  are  exposed  that 
yield  fossil  plants,  especially  the  Rhetic  and  the  Pleistocene. 
Nilsson,  as  lonpr  ago  as  1831,  proved  that  there  was  a  Tertiary 
plant  bed  at  Kopinge,  and  now  we  have  evidence  of  an  Upper 
Cretaceous  (Senonian)  deposit,  called  the  Holma  sandstone, 
which  contains  coniferous  remains  consisting  of  silicified  trunks 
in  place  and  also  lesser  twigs  and  even  well-preserved  pine 
cones.  Most  of  these  belong  to  two  species,  both  of  which  are 
regarded  as  new  to  science,  which  Dr.  Conwentz  here  fully 
describes  and  illustrates  in  his  thorough  manner,  both  in  their 
external  characters  and  their  internal  structure,  and  names 
respectively,  Piniis  Nathorsti  and  Cedroxylon  Rj/edalense.  The 
Holma  Sandstone  occurs  on  both  sides  of  the  Ryssberge  north  of 
the  56th  parallel  of  north  latitude. 

Besides  these  remains  in  place  the  present  memoir  also 
describes  a  large  amount  of  drift  wood  (Geschiebeholzer)  from 
the  extreme  southern  peninsula,  much  of  which  had  long  lain  in 
the  museums  at  Stockholm  and  elsewhere  awaiting  identification. 
Most  of  these  proved  to  be  coniferous,  but  wholly  unlike  ihu 
Holma  Sandstone  flora,  having  the  Sequoia  ty|>o  of  structure 
which  is  referred  to  Oupressinoxylon,  or  if  roots,  to  Rhizocupres- 
sinoxylon.  One  piece,  however,  turned  out  to  be  a  palm  stem 
and  was  intrusted  to  Dr.  Stenzel  who  is  so  great  an  authority  on 
such  forms.  He  describes  it  as  Falmacites  fiUgranum^  a  new 
species  of  fossil  palm. 

As  regards  the  original  source  of  those  blocks  of  silicified 
wood,  their  systematic  character  is  sufficient  proof  that  they  can- 
not be  in  place  in  the  comparatively  modern  drift  (Diluvian)  in 
which  they  chiefly  occur.  Tbey  differ  too  widely  from  the 
forms  found  in  the  Holma  Sandstone  to  make  it  at  all  probable 
that  they  belong  to  that  age.  The  author  concludes  that  they 
were  originally  derived  from  a  formerly  wide-spread  Tertiary 
formation,  the  softer  parts  of  which  have  been  long  since  eroded 
away  leaving  only  these  heavy  undestructible  blocks  of  silicified 
wood  which  now  lie  buried  under  the  superficial  deposits. 

L.  F.  w. 

8.  On  Penfieldite^  a  nexo  species ;  by  F.  A.  Genth.  (Com- 
municated by  the  author.) — While  examining  a  lot  of  minerals, 
formed  by  the  action  of  sea  water  on  ancient  slags  which  Mr. 
Geo.  L.  English  collected  at  Laurion,  Greece,  I  noticed  a  very  few 
hexagonal  crystals  which  proved  to  be  a  new  species,  for  which  I 
propose  the  name :  Penfieldite,  in  honor  to  Prof.  Sam'l  L.  Penfield 
the   indefatigable   worker   in   mineralogy    and    crystallography. 

Hexagonal;  generally  in  prisms  with  basal  plane;  the  first 
pyramid  is  indicated  by  striation  of  the  prismatic  planes ;  a  second 
obtuse  pyramid  appears  on  some  of  the  crystals  in  small  trianga- 


Digitized  by  VjOOQIC 


r 


Geology  and  Mineralogy,  261 

lar  planes.  Some  of  the  crystals  are  tapering  at  the  ends  and  the 
basal  plane  is  thus  obliterated.  The  crystals  with  basal  plane 
are  generally  doll,  being  coated  with  an  opaque  film,  suggesting 
incipient  alteration.  Cleavage  indistinct,  basal.  The  tapenng 
crystals  from  0'5-T"™  thick  and  up  to  5™'"  long,  the  opaque  from 
0-5-2™™ 'thick  and  2-3°'™  long.  Color  white;  luster  vitreous,  in- 
clining to  greasy.  B.B.  in  a  closed  tube,  gives  no  water^  decrepi- 
tates and  gives  an  abundance  of.  sublimed  lead  chloride,  soluble  in 
water,  leaving  a  yellowish  white  oxychloride.  Easily  soluble  in 
dilute  nitric  acid. 

Composition  =  PbO  .  2PbCl,. 

The  analyses  gave  : 

1.  2. 

Tapering  crystals.  Opaque  crystals.  Calculated 

CI  =          18-55                      17-94  18-21 

Pb=:         78-25                      lost.  79-73 

O    =          206 


100-00 


Associated  with  the  Pentieldite  is  a  mineral  in  long  (up  to  10""") 
silky  needles,  which  largely  volatilizes  on  heating,  and  may  be 
another  form  of  Penfieldite,  or  a  new  mineral ;  the  other  associ- 
ates are  anglesite  and  small  quantities  ol  laurionite. 

Philadelphia,  July  26th,  1892. 

9.  Brief  notices  of  some  recently  described  miiierals, — Masritk 
is  a  fibrous  kind  of  alum  found  in  Upper  Egypt  and  described  by  H. 
Dkoop  Richmond  and  Hussein  Off.  It  contains  a  small  amount 
of  cobalt  and,  as  believed  by  the  authors,  a  minute  quantity  of  a 
new  element  for  which  the  name  raa^riuin  is  proposed,  after  the 
Arabic  name  for  Egypt.  Assuming  that  raasrium  is  a  bivalent 
element,  its  atomic  weight  is  calculated  as  228,  and  it  is  regarded 
as  belonging  in  the  beryllium-calcium  group  in  which  group  there 
is  a  place  in  the  periodic  system  for  an  element  with  an  atomic 
weight  of  226.     The  analysis  of  masrite  gave: 

SO.         AlaO,     FeaO.      X»       MnO      CoO      FeO        HaO       Insol. 
36-78      10-62     1-63     0-20     2-56     1-02     4*23     40-35     2-61  =   100 

^X=Masrium  oxide. — Proceedings  Chem,  aS^oc,  April  21,  1892; 
Nature,  May  26. 

Basiliitk  is  a  hydrous  manganese  antimonate  described  by 
IgelstrOm  from  the  SjO  mine,  Grythytte  parish,  Sweden.  It 
occurs  in  steel-blue  bladed  forms  with  metallic  luster,  which  it 
loses  upon  exposure;  it  is  not  magnetic.     An  analysis  gave: 

^  SbaO,  MnaOa  FeaO,  HaO 

13-09  70-01  1-91  15-00  =  100-01 

For  this   the   formula    llMn.^, .  Sb^O^.  2111^0    is   calculated.—- 
Qeol  Mr,  Fork,,  vol.  xiv,  307,  1892. 
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Sjogbuvfite  is  a  manganese  arsenate,  also  described  by  Igkl- 
stb5h,  from  the  same  locality.  It  occurs  in  crystalline  granules 
or  seams  in  jacobsite.  The  color  is  light  yellow,  resembling 
some  garnet,  but  its  hardness  is  less.     An  analysis  gave  : 

AB,Oft  FeaO.  MnO  CaO  PbO  H,0 

49-46  11-29  27-26  3-61  1-74  6-81  =  100-17 

It  is  not  far  from  other  manganese  arsenates  actually  described, 
and  it  needs  further  examination  to  prove  that  it  is  a  distinct 
mineral.— /J/ef. 


III.   Miscellaneous  Scientific  Intelligence. 

1.  Tran8actiofi8  of  the  Wisconsin  Academy  of  Sciences^  Arts 
and  Letters^  vol.  viii,  1888-1891,  448  pp.  8vo.  Madison,  Wise, 
1892. — This  volume  contains  besides  other  papers,  the  following 
on  Physical,  Geological,  and  Natural  Science:  Chamberlin, 
Additional  evidences  bearing  on  the  Interval  between  the  Glacial 
Epochs;  W.  M.  Wheeler,  On  the  Appendcages  of  the  first  abdom- 
inal segment  of  embryo  Insects  (54  pages  with  3  plates)  ;  C.  D. 
Marsh,  on  the  deep-water  Crustacea  of  Green  Lake;  II.  B. 
Loomis,  on  the  effect  of  changes  of  temperature  on  the  distribu- 
tion of  magnetism ;  E.  Kremers,  on  the  Limonene  group  of 
Terpenes  ^63  pp.) ;  E.  A.  Birge,  List  of  Crustacea  Cladocera 
from  Madison,  Wisconsin,  with  a  plate ;  besides  papers  by  C.  R. 
Van  Hise  and  F.  Leverett  that  have  appeared  in  this  Journal. 

2.  A  Dictionnry  of  Altitudes  in  the  United  States^  Second 
Edition.  Compiled  by  Henry  Gannett,  Chief  Topographer. 
393  pp.  8vo.  Washington,  1891  (Bulletin  No.  76,  U.  S.  Geol. 
Survey). —In  the  new  edition  of  this  useful  work  considerable 
additional  matter  has  been  added,  and  the  arrangement  is  changed, 
the  places  being  in  alphabetical  order  throughout  instead  of  being 
grouped  under  the  several  States. 

Through  Mr.  Gannett  the  Survey  has  recently  issued  an  excel- 
lent colored  contour-map  of  ihe  United  States. 

Journal  of  American  Kthnolojpy  and  Archaeology,  edited  by  J.  Walter  Fewkes. 
Vol.  H,  194  pp.  with  Reveral  ilhiHtrationH.  This  volume  containa  papers  by  tbe 
editor  on  a  few  Summer  Ceremonials  of  the  TuHayan  Pueblos  ;  Natal  eeremoDies 
of  tbe  Hopi  Indians;  Kei)ort  on  the  present  condition  of  a  ruin  in  Arizona 
called  ('asa  Grande. 

The  Humming  Birds,  by  Robert  Ridgeway.  This  work  of  150  pages,  with  46 
plates,  is  from  the  Report  of  the  National  Museum  for  1890.  pp.  253-:t83. 

Silk  Dyeing,  Printing  and  Finishing,  by  G.  II.  Hurst,  F.C.S.,  226  pp.  12roo, 
with  11  plates  of  samples  of  colored  silks.  London,  1892. — George  Bell  A  Sons, 
London  and  New  York. 

Principles  of  the  Algebra  of  Physics,  by  A.  Macfarlane,  Fellow  of  the  Roy. 
Soc.  of  Edinburgh,  Prof.  Phys.  Univ.  Texas.  117  pp.  8vo.  Salem,  Mass.— Salem 
Press  Publishing  and  Printing  Co. 

The  Optical  Indicatrix  and  the  Transmission  of  Light  in  Crystals,  by  L. 
Fletcher,  M.  A..  F.R.S.  112  pp.  8vo.,  with  21  wood  cuts.  London,  1892.— Henry 
Frowde;  Macmillan  &  Co  ,  New  York. 

Annuaire  Geologiquo  Universel:  Rovuo  de  Geologie  et  Paleontologie,  by  Dr. 
L.  Carez  et  H.  Douvilld,  Annee  1890,  Tome  vii,  42  Fascicule,  pp.  817  to  1168. 
Paris. — Gomptoir  Geol.  de  Paris. 
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AST.  KXXIY.—On  a  Color  System;   by  O.  K   Rood, 
Professor  of  Physics  in  Columbia  College. 

[Read  before  the  National  Academy  of  Scienoes,  Nov.  1 2th,  1891.] 

It  is  possible  to  combine  by  rotation  a  circular  disc  of  card- 
board painted  with  vermilion,  with  a  similar  disc  covered  with 
a  bluisn-green  pigment  exactly  complementary  to  the  red,  and 
to  ascertain  whether  by  mixture  a  gray  is  produced  when  the 
two  colored  areas  are  equal.  If  such  should  be  the  case,  in  a 
certain  sense  we  could  sav  that  these  two  colors  were  equal,  in 
spite  of  differences  of  luminosity  or  amounts  of  white  light 
mingled  with  them.  If  it  were  found  that  to  make  the  mixture 
neutral,  more  or  less  red  were  required,  we  could  assign  to  the 
vermilion  disc  a  coefficient  of  1,  and  to  the  blue-green  disc  its 
proper  coefficient  whatever^that  might  be.  Supposing  for  the 
sake  of  simplicity  that  the  coefficient  of  the  blue-green  disc 
was  also  equal  to  unity,  we  then  could  mark  the  positions  of 
the  two  colors  at  the  extremities  of  a  straight  line  and  at  its 
middle  point  locate  white  (gray),  and  we  would  then  have  a 
line  containing,  so  to  speak,  all  possible  mixtures  of  these  two 
colors,  and  by  simple  processes  could  indicate  on  it  the  posi- 
tions, and  consequently  coefficients,  of  any  red  or  blue-green 
surfaces  having  hues  of  the  same  character ;  for  example,  a  red 
surface  reflecting  half  the  amount  of  red  light  of  our  standard 
disc,  would  be  located  half  way  between  the  positions  of  the 
standard  red  and  of  white,  while  another  red  disc  might  even 
find  its  position  on  the  same  line  outside  of  our  standard.  In 
all  these  cases  the  vermilion  disc  would  be  the  material  stan- 
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dard  to  which  a  great  number  of  reds  and  blue-greens,  more  or 
less  pale  or  intense,  could  be  quantitatively  referred.  But  it 
might  be  possible  to  go  farther,  and  to  be  able  to  say  that  our 
standard  vermilion  disc  reflected  the  same  amount  of  red  light 
that  is  furnished  by  white  card-board  under  the  same  illumina- 
tion, or  that  at  all  events  it  reflected  a  known  fractional  part 
of  it.  All  the  colors  just  spoken  of  would  then  be  virtually 
referred  to  white  card- board,  or  to  some  other  white  reflecting 
surface  as  might  be  determined  on,  and  the  standard  red  disc 
could  at  will  be  reproduced  at  any  time  or  in  any  part  of  the 
world.  To  the  reproduction  of  standard  red  discs  I  have  not 
devoted  much  time,  as  before  they  can  be  made  valuable  a 
much  more  difficult  problem  must  be  solved. 

For  if  we  undertaKe  to  go  farther  than  the  proceeding  just 
indicated,  and  build  up  a  whole  system  of  colors  we  are  imme- 
diately confronted  by  the  fact  that  we  are  quite  unable  to  leave 
our  line ;  or  for  example,  to  express  the  amount  of  orange 
colored  light  or  of  green  light  reflected  by  other  discs  in  the 
same  terms,  or  to  bring  them  all  into  one  system.  As  Helm- 
holtz  has  remarked,^  masses  of  colored  light  which  when 
mixed  with  their  complements  furnish  in  pairs  the  same  white, 
may  be  said  to  belong  to  the  same  system  and  mav  be  located 
at  equal  distances  from  the  same  center.  A  set  of  ideal  discs 
which  when  combined  pair-wise  all  furnished  the  same  white, 
would  in  this  system  find  their  positions  on  the  circumference 
of  a  circle  with  white  at  the  center.  But  it  is  not  practicable 
to  experiment  directly  in  this  way,  as  it  is  nearly  impossible  to 
measure  directly  the  amounts  of  white  light  mingled  with  the 
colored  in  the  case  of  painted  surfaces. 

I  have  employed  a  diflEerent  proceeding  and  built  up  with  it 
a  reproducible  system,  which,  as  far  as  I  can  ascertain,  is  the 
one  above  indicated.  Let  us  suppose  that  the  positions  of  our 
standard  red  and  its  complement  have  been  laid  down  at  the 
extremities  of  a  line  with  white  at  its  center :  we  then  combine 
with  the  red  disc  a  green  which  is  a  little  too  blue  to  be 
strictly  complementary,  and  obtain  the  best  neutralization,  the 
gray  furnished  having  the  least  perceptible  color,  and  we  will 
suppose  that  this  takes  place  when  the  areas  of  the  two  colored 
surfaces  on  the  composite  disc  are  equal ;  we  shall  then  know 
that  the  new  color  also  belongs  on  tlie  circle  not  far  from  the 
complement  of  vermilion.  One  step  has  thus  been  taken, 
we  have  been  able  to  leave  our  first  hue  of  mixtures.  We  can 
then  with  ease  and  certainty  locate  the  complement  of  this  new 
hue,  which  will  be  a  little  more  orange  than  the  vermilion ;  or 
better  still,  we  may  combine  the  new  color  with  one  that  is 

♦  Handbiich  der  Physiologiachen  Optik,  p.  287. 
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still  more  refrangible  than  its  true  complement,  ^  and  locate  a 
disc  which  is  still  more  orange,  advancing  thus  more  rapidlj 
in  the  work.  In  the  same  way  this  orange-red  disc  will  enable 
us  to  add  a  still  bluer  green,  until  in  this  waj  all  the  colors  of 
the  chromatic  circle  have  been  provided  for  and  all  our  colored 
discs  have  received  coejicents,  lor  of  course  it  will  rarely  hap- 
pen that  the  actual  positions  of  the  colored  discs  fall  on  the 
circle,  mostly  they  will  be  well  inside  of  it.  The  first  part  of 
the  work  then  consists  in  assigning  coefficients  to  a  series  of 
painted  discs  which  are  arranged  so  as  to  have  only  small  pro- 
gressive differences  of  color. 

2fode  of  experimenting, — To  compare  together  colors  which 
are  not  strictly  complementary  a  number  oi  precautions  must 
be  taken.  In  the  first  place,  tne  pairs  of  discs  employed  should 
always  have  as  nearly  as  practicable  about  the  same  coefficients ; 
consequently  the  selection  of  the  colored  papers  offers  very 
considerable  difficulty,  and  in  the  majority  of  cases  it  has  been 
necessary  for  me  to  prepare  the  paper  specially  for  each  case  as 
it  arose.  Of  course  it  is  desirable  to  use  papers  with  as  high 
coefficients  as  possible,  but  cases  occur  where  one  is  compelled 
to  use  lower  coefficients  (blues  and  cyan  blues)  and  in  these  it 
is  always  necessary,  so  to  speak,  to  take  a  fresh  start,  and  to 
descend  to  the  lower  coefficient  by  a  line  passing  through  the 
center  of  the  circle  and  not  outside  of  it,  that  is  by  reaching 
the  other  side  of  the  circle  by  the  aid  of  a  comjplementary  disc 
with  a  lower  coefficient. 

It  is  absolutely  necessary  that  the  eyes  should  be  thoroughly 
rested  after  each  individual  observation,  and  they  should  be 
protected  from  side  lights  by  a  hood.  Only  the  central  por- 
tion of  the  retina  should  be  used ;  that  is,  the  colors  should  be 
observed  through  a  small  aperture  in  blackened  card-board 
held  at  arms  length.  It  is  an  advantage  and  a  saving  of  time, 
to  protect  the  eyes  with  quite  dark  neutral  spectacles  while 
engaged  in  the  manipulations  not  involving  observation  of  the 
colors. 

As  a  source  of  illumination,  sunlight  falling  on  a  stretched 
sheet  of  bleached  cotton  cloth  was  employed,  and  only  the 
hours  near  noon  were  utilized.  The  frame  with  the  white 
cloth  was  outside  of  the  window,  inclined  at  a  suitable  angle, 
and  consequently  was  behind  the  observer  as  well  as  placed 
symmetrically  to  the  colored  discs.  Extraneous  light  from 
buildings  and  blue  sky  was  screened  off  and  the  room  suitably 
darkened.  If  light  from  a  uniformly  overcast  sky  is  employed 
a  different  set  of  coefficients  will  be  obtained,  and  there  is 
reason  to  believe  that  they  vary  somewhat  with  the  nature  of 
the  sky  on  such  days. 
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In  some  obBervations  it  was  found  advisable,  for  the  sake  of 
using  high  coefficients,  to  employ  paper  which  was  slightly 
fugitive,  but  by  properly  arranging  the  process  the  evil  effects 
of  this  were  obviated. 

The  coefficients  of  two  strictly  complementarv  discs  are  as 
their  distances  from  the  center  or  from  white,  and  this  distance 
is  of  course  measured  along  the  two  radii  that  make  up  the 
diameter,  but  in  the  methoa  used  by  me  for  colors  not  strictly 
complementary,  the  cosine  of  a  small  angle  is  necessarily 
employed  and  treated  as  if  it  were  a  radius.  The  angles  used 
however  were  quite  small,  from  I® -5  to  3°,  and  consequently 
the  error  in  any  individual  case  was  insignificant,  but  it  is 
cumulative  and  finally  becomes  comparable  with  those  of  obser- 
vation. After  the  uncorrected  results  have  been  plotted  in  a 
Newton's  diagram,  the  angular  distances  of  the  colors  will  be 
known,  very  nearly,  and  the  small  errors  from  this  geometrical 
source  can  be  corrected  and  a  fresh  diagram  constructed. 

As  above  stated,  it  was  not  found  advisable  to  employ  angles 
larger  than  about  3°,  since  with  larger  angles  the  results  were 
more  uncertain,  while  with  the  angle  above  indicated  the 
manipulation  was  hardly  more  difficult  than  in  the  case  of  truly 
complementary  discs. 

Mode  of  ascertaining  the  most  neutral  mixture. 

Let  us  suppose  that  we  wish  to  obtain  the  most  neutral  mix- 
ture that  can  be  furnished  by  yellow  and  blue  discs  that  are 
not  complementary ;  the  best  method  of  procedure  according 
to  my  experience  is  the  following:  a  pair  of  large  blue  and 
yellow  discs  are  combined  as  shown  in  figure  1,  and  on  the 
same  axis  comes  a  black  and  white  disc  destined  to  furnish  the 
comparison  grays,  and  again  on  this,  smaller  yellow  and  blue 
discs  cut  from  the  same  papers.  Of  course  these  three  com- 
pound discs  can  be  varied  mdependently  of  each  other.  We 
start  now  with  an  amount  of  yellow  on  the 
larger  disc  which  is  far  too  small  for  ap- 
proximate  neutralization,  and  on  the 
smaller  disc  with  still  much  less  yellow,  and 
call  the  difference  between  the  sectors  the 
interval.  This  interval  in  any  given  case 
is  always  to  be  kept  roughly  constant,  and 
the  more  nearly  complementary  the  discs 
are,  the  smaller  it  may  be  made.  There  ifi 
however  no  gain  whatever  in  trying  unduly 
to  diminish  it,  and  such  attempts  tend  only  to  defeat  their 
object,  it  being  far  better  and  safer  to  have  the  interval  too 
large  than  too  small.     The  arrangement  in  figure  1  indicates 
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about  the  first  position  for  discs  that  have  nearly  the  same 
coefficient,  bat  are  quite  removed  from  being  complementary. 
As  soon  as  the  compound  disc  is  set  in  rotation  it  will  be 
noticed  that  the  mixture-tint  furnished  by  the  larger  disc  is  the 
least  colored  of  the  two,  and  the  amount  of  yellow  in  it  is  to 
be  increased,  the  smaller  disc  following  with  the  same  interval, 
and  this  proceeding  is  to  be  pushed  forward  till  the  observer 
is  unable  to  decide  whether  the  larger  or  the  smaller  disc  is 
the  paler,  the  least  colored.  Both  will  differ  sensibly  from  the 
pure  gray  mixture,  and  the  two  pale  mixtures  will  differ  from 
each  other  in  hue,  still  after  some  practice  the  observer  will 
learn  to  decide  with  promptitude  that  they  differ  about  equally 
from  gray.  This  is  a  much  more  certain  and  easy  process 
when  in  general  only  a  little  color  is  present,  than  when  the 
hues  presented  are  at  all  decided,  and  this  is  the  reason  that 
in  building  up  the  system  the  advances  were  made  by  small 
steps.  The  first  half  of  an  observation  being  now  made  and 
the  mean  noted,  the  yellow  element  is  made  from  the  start  to 
preponderate  considerably,  the  interval  is  preserved,  and  with 
a  reversed  approach  the  best  neutrality  obtained.  The  two 
readings  constitute  one  complete  observation,  and  if  the  maxi- 
mum reliability  is  demanded,  not  more  than  five  complete 
observations  in  any  one  case  should  be  made  on  the  same  day, 
it  being  more  profitable  to  devote  the  remaining  time  to  other 
determinations. 

As  an  example  of  the  results  to  be  attained  I  give  three 
sets  of  determinations  for  five  discs  with  rather  low  coefficients, 
each  number  being  the  mean  of  only  three  complete  observa- 
tions made  on  the  same  day : 

CB9a -585  -575  -585 

Y6i -606  -480  '486 

CB8 -466  -442  '452 

Y6i -432  -421  -428 

B28 -394  -384  -398 

When  it  is  remembered  that  in  photometric  observations 
involving  light  of  the  same  color  the  error  in  any  one  observa- 
tion may  easily  be  two  per  cent  and  more  it  will  be  seen  that 
these  results  are  satisfactory  so  far  as  uniformity  goes. 

By  the  methods  above  indicated  I  obtained  the  coefficients 
of  a  series  of  slightly  differing  discs  ranging  in  color  from 
orange-yellow  through  red  into  purple,  and  on  the  other  hand 
from  a  somewhat  yellowish  green  through  cyan -blue  to  blue. 
Then,  instead  of  extending  the  process  all  around  the  circle,  a 
Newton's  diagram  was  constructed  using  the  standard  ver- 
milion disc,  the  extreme  green  attained  and  the  blue.     The 
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angular  positions  of  these  colors  were  not  arbitrarily  assumed^ 
but  determined  from  the  mixture  equation  and  the  ascertained 
coefficients.  With  the  aid  of  this  triangle  and  color  eauatioDS 
experimentally  obtained,  I  plotted  in  the  usual  way  tne  posi- 
tions of  five  of  the  discs  used  in  the  building  up  process,  and 
calculated  their  coefficients  with  the  following  result : 

Direct  coef .  Calculated. 

Gl 1-119  1-109 

01 1-221  1-231 

P12 1-229  1-257 

Gl8 -867  -892 

Pi -571  -566 

GY5 -806  -795 

GY5,  a  greenish  yellow,  was  quite  beyond  the  limits  of  the 
triangle. 

This  agreement  shows  that  the  zig-zag  process  employed  by 
me  is  homogeneous  with  that  ordinarily  used  in  Newton's 
diagram,  and  from  this  it  follows  that  it  is  not  necessary  to 
determine  by  my  method  coefficients  for  a  greater  number  of 
discs  than  will  furnish  a  properly  shaped  triangle,  and  that  the 
remainder  of  the  work  can  be  done  by  the  older  method.  It 
may  here  be  remarked  that  in  obtaining  the  fundamental  equa- 
tion for  the  construction  of  the  diagram  and  those  for  locating 
the  colors,  it  is  necessary  to  exercise  far  more  suspicious  care 
than  is  the  case  in  the  direct  determinations  of  the  coefficients. 
Although  a  pure  gray  is  always  attainable,  theoretically,  yet  it 
seldom  is  obtained  quite  to  the  satisfaction  of  the  observer; 
the  best  way  is  to  employ  on  the  same  axis  duplicate  sets  of 
discs  separated  by  the  comparison  gray,  to  vary  the  manipula- 
tion and  multiply  the  observations.  The  work  having  pro- 
gressed thus  far  it  becomes  possible  to  ascertain  the  coefficient 
of  any  colored  surface  and  to  assign  it  a  position  in  the  dia- 
gram. 

It  may  be  remarked  that  the  angular  positions  assigned  to 
colors  by  the  method  just  described  agree  in  their  main  fea- 
tures with  those  given  by  me  in  a  diagram  on  page  250  of 
"  Modem  Chromatics,"  which  is  founded  on  contrast  observa- 
tions, the  main  differences  being  in  the  angular  positions 
assigned  in  the  diagram  to  violet  and  blue- violet ;  these  would 
have  to  be  moved  about  15°  to  the  right,  i.  e.,  nearer  to  the 
other  blues  to  make  them  coincide  with  positions  furnished  by 
this  system. 

I  give  here  some  of  the  coefficients  obtained :  the  vermilion 
with  a  coefficient  of  1  had  only  a  moderate  brilliancy,  being 
made  of  English  vermilion  applied  to  card-board  as  a  paste : 
since  then  I  have  found  in  the  shops  a  red,  supposed  to  be 
vermilion,  with  a  coeffi.cient  as  high  as  1*174. 
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Chrome  yellow  (paste) *846 

«               «     'QSS 

"Pale"     "              "     -991 

Emerald  green       "     1*119 

Prnssian  blue  (wash) '.  -  '354 

"           "          <«        -392 

Cobalt  blue  (paste) -562 

Artificial  Ult.  blue  (paste) -606 

Crimson  lake  (wash) 1*23 

The  system  which  is  herq  proposed  can  be  built  up  by 
experimenters  and  ought  to  be  practically  identical  in  all  cases 
if  made  by  normal  eyes,  provided  the  same  standard  vermilion 
is  used,  or  the  coefficient  of  it  is  known,  or  in  general  if  the 
starting  point  is  made  from  any  disc  of  bright  color  the  coeffi- 
cient of  which  is  known.  As  before  stated  it  may  be  possible 
hereafter  to  refer  the  coefficient  of  the  vermilion  disc  to  white 
card-board,  which  indeed  has  been  done  in  the  case  of  my  own 
disc  with  some  approximation  to  correctness.  The  system 
may  then  be  considered  a  fairly  reproducible  one,  but  the 
question  still  remains  as  to  its  nature.  The  thought  that  in  it 
we  have  one  where  complementary  colors  having  a  determined 
coefficient  of  unity  furnish  the  same  gray,  naturallv  suggests 
itself  and  is  rendered  probable  by  the  following  considerations. 
The  standard  red  and  its  true  complement  when  mixed  furnish 
a  certain  gray,  and  it  is  evident  that  other  pairs  situated  at 
small  angular  distances  from  them,  such  as  10^  on  either  side, 
will  sensibly  do  the  same.  This  furnishes  two  sectors  of  20° 
on  either  side  of  white ;  but  the  coefficients  of  the  colors 
situated  within  them  are  reproducible  with  the  aid  of  the 
triangle,  which  would  hardly  be  the  case  unless  the  colors 
situated  at  its  angles  obeyed  the  same  law,  viz :  furnished  the 
same  white  when  mixed  with  their  true  complements ;  this 
again  applies  to  the  reversed  triangle  and  the  two  provide  for 
about  two  opposite  quadrants  of  the  circle,  and  what  holds 
good  of  these  ought,  it  would  appear,  to  apply  to  the  remain- 
ing quadrants. 

The  question  whether  in  this  svstem,  all  the  colora  located 
on  the  circumference  furnish  by  mixture  the  same  white  when 
treated  in  pairs,  is  quite  difficult  to  answer  by  actual  experi- 
ment, as  in  the  case  of  most  of  the  discs  it  is  very  hard  to 
ascertain  the  relative  amounts  of  colored  and  white  light 
reflected,  owing  to  the  well  known  fact  that  in  most  cases  por- 
tions of  the  colored  light  mix,  and  produce  what  amounts  to 
an  indeterminate  amount  of  white  light.  Some  attempts,  with 
the  aid  of  the  spectroscope,  of  colored  glasses  and  of  gray 
discs  were  made  to  measure  the  actual  amount  of  standard 
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white  (gray)  furnished  by  the  mixture  of  the  pure  fundamental 
red  and  its  pure  complement;  a  number  was  obtained  ex- 
pressed in  terms  of  the  luminosity  of  white  card-board,  and 
the  same  operation  was  performed  for  complementary  yellow- 
green  and  purple  as  well  as  for  yellow  and  blue  discs.  With- 
out laying  much  stress  on  the  results  obtained,  it  can  at  least 
be  said  that  they  did  not  render  improbable  the  idea  that  these 
pairs  all  furnished  equal  grays  when  united.  To  settle  this 
problem  experimentally  would  of  course  require  a  considerable 
amount  of  elaborate  work,  if  indeed  it  is  at  present  capable  of 
such  solution. 

I  shall  be  glad  to  furnish  without  cost  samples  of  colored 
paper  with  coeflBcients  to  those  who  are  particularly  interested 
m  these  matters. 


Art.  XXXV. — An  Ottreiite-bearing  Phase  of  a  Metamorphic 
Conglomerate  in  the  Green  Mountahis  ;  by  Charles  Livy 
Whittle. 

[Published  with  permission  of  G.  K.  Gilbert,  Chief  Geologist,  U.  S.  Geological 
Survey.] 

The  geological  position  of  the  limestone  and  quartziteof 
the  Rutland  valley  has  lately  been  definitely  determined,  the 
limestone  paleontologically  and  the  quartzite  stratigraphically.* 
Occurring  next  below  the  limestone  the  quartzite  is  the  northero 
continuation  of  the  Clarksburg-mountain  quartzite  in  Massachu- 
setts in  which  Walcott  has  found  the  Olenellus  fauna  charac- 
teristic of  the  Lower-Cambrian  horizon.  About  one  mile  north 
of  Rutland  village,  in  Vermont,  Dr.  WolflE  and  Dr.  Foerste  were 
fortunate  enough  to  find  Lower-Cambrian  fossils  in  a  siliceous 
limestone  that  lies  superj'acent  to  the  quartzite.  Northeast  of 
Rutland  the  quartzite  is  found  associated  with  a  sandy,  phyllitic 
schist  that  belongs  to  a  series  of  metamorphosed  elastics  having 
a  vitreous  quartzite  or  conglomerate  at  its  base.  This  whole 
series,  barring  the  Lower  Cambrian  quartzite  and  limestone,  has 
been  subjected  to  the  most  intense  dynamic  action.  The  se- 
quence of  the  different  members  of  the  series  is  in  many  regions 
hopelessly  obliterated  and  confused  by  the  mountain-building 
forces  that  have  produced  new  structural  planes  and  a  new  min- 
eral composition  ;  an^  have  additioriallpr  complicated  the  geo- 
logical order  of  succession  by  sharp  folding,  as  a  rule  too  much 

*  On  the  liower  Cambrian  Age  of  the  Stockbridge  Limestone.  Bulletin  Oeol. 
Society  of  America,  vol.  ii,  pp.  331-338. 
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involved  for  decipherment  These  phenomena  are  particnlarly 
true  of  the  conglomerate  horizon  and  its  many  phases,  and  it  is 
in  this  rock  that  I  wish  to  describe  some  of  the  evidences  and 
effects  of  metamorphism  shown  by  the  destruction  of  old 
clastic  minerals  and  in  the  production  of  new  ones. 

Occurrence  of  ottrelite  schist, — One  of  the  most  conspicuous 

f)hase8  of  the  conglomerate  is  due  to  the  development  of  ottre- 
ite  in  great  abundance  so  that  it  is  not  uncommon  to  find 
fully  twenty-five  per  cent  of  the  rock  made  up  of  this  mineral. 
The  ottrelite  is  commonly  most  abundantly  develoned  where 
the  rock  has  now  a  well-marked  schistose  character  tnat  is  due 
either  to  an  original  fine-grained  deposit,  or  is  a  result  of  the 
shearing  and  crushing  action  of  dynamic  forces.  It  is  often 
found,  however,  occurring  in  the  groundmass  of  the  coarsest  con- 
glomerate or  along  planes  of  shearing  in  a  blue,  hyaline  quartzite. 
Still  another  phase  is  more  nearly  massive,  fully  forty  per 
cent  being  ottrelite,  the  rock  at  first  sight  simulating  in  appear- 
ance some  porphyritic  hornblende  dike.  The  rock  is  a  very 
variable  one,  but,  considered  as  a  whole  it  forms  one  of  the 
most  important  stratigraphical  horizons  found  in  the  more 
crystalline  areas  of  the  Green  Mountains.  In  lateral  extension 
it  has  been  traced  with  unimportant  breaks  all  the  way  across 
the  Green-mountain  anticlinal  axis,  as  mapped  by  Hitchcock,* 
from  Mendon,  Vt.,  to  North  Sherburne,  Vt.  In  vertical  exten- 
sion it  has  considerable  thickness  although  accurate  determina- 
tion is  very  diflicult  owing  to  the  obliteration  of  planes  of  bedding 
in  many  instances  and  the  complexity  of  the  flexures ;  but  it  seems 
safe  to  assume  a  thickness  of  several  hundred  feet,  at  least  in  sev- 
eral localities  that  have  been  most  carefully  studied,  viz  :  a  spur 
extending  south  from  Mount  Carmel,  in  the  town  of  Chitten- 
den, and  the  east  and  west  crest  forming  the  southern  portion 
of  the  mountain,  somewhat  inappropriately  named  "  Old  Aunt 
Sal,"  in  the  town  of  Mendon.  The  phases  studied  thus  far  in 
the  laboratory  are  from  this  latter  locality  and  from  the  western 
part  of  the  "Rabbit  Ledge"  just  south  of  Mendon  "City." 

Physical  and  microscopical  characters, — In  the  hand  speci- 
men the  ottrelite  of  the  most  massive  occurrence  of  the  ottre- 
lite-bearing  rock  appears  either  as  isolated  areas  generally  with 
rudely  circular  outlines,  or  groups  of  these  in  a  background  of 
finegrained,  pinkish-brown  to  dark  purple  quartz,  in  places 
constituting  nearly  pure  ottrelite.  These  areas  possess  an 
approximate  common  diameter  of  about  three-sixteenths  of  an 
inch.  In  structure  they  are  made  up  of  tabular  areas  of 
radiating  imbricated  plates  generally  arranged  in  essentially 
one   plane    for   any  single   area ;    but   the   positions  of   the 

•  See  fig.  4,  Section  VI,  Hitchcock's  "  Green  Mountain  gneiss,"  Geol.  of  Vt.,  vol. 
11,  1861. 
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different  areas  seem  in  the  main  to  be  accidental,  although 
locally  they  may  be  arranged  parallel,  as  shown  by  a  tendency 
in  the  rocks  to  cleave  into  rude  slabs, — a  tendency  augmented 
by  thin  folia  of  sericite.  A  well-marked  spherocrystalline 
habit  characterizes  ail  the  ottrelite  areas ;  in  some  this  radiated 
growth  seems  to  be  perfect. 

Microscopically  the  radiated  structure  is  much  more  evident ; 
composite  and  fan-shaped  areas,  penetrating  one  another  irregu- 
larly coexist  with  isolated  prisms  and  beautiful  spherocrystal- 
line aggregates  yielding  imperfect  crosses  in  polarized  light. 
Only  sections  cut  parallel  to  the  bundles  of  plates  (basal  sec- 
tions) show  well  the  radiated  structure ;  all  other  sections  show 
this  character  less  and  less,  dependant  upon  the  plane  of  the 
section  until  it  is  transverse  when  the  mineral  appears  prismatic* 
The  areas  of  the  spherocrystals  are  not  infrequently  bounded 
by  overlapping  six-sided  plates  of  which  three  are  usually  free; 
the  others  are  intergrown  and  confounded  in  the  central  por- 
tion of  the  aggregate. 

The  extreme  mobility  of  the  ottrelite-bearing  solution  is 
indicated  by  the  manner  the  ottrelite  needles  have  insinuated 
themselves  into  included  feldspar  grains  along  no  visible  lines 
of  fissuring. 

As  in  all  described  occurrences  of  this  mineral  an  abundance 
of  inclusions  exists.  It  is  noticeable  that  while  quartz  and 
occasionally  feldspar  are  included,  sericite,  which  is  the  prin- 
cipal micaceous  constituent  of  the  rock,  is  seldom  enclosed  by 
the  growing  ottrelite,  but  may  be  wholly  or  in  part  the  nucleus 
about  which  an  aggregate  formed.  Such  nuclei  seem  to  have 
governed  the  growth  of  the  ottrelite.  There  is  a  tendency  as 
the  mineral  formed  for  the  plates  to  orient  themselves  parallel 
to  the  sericite  nucleus  so  that  when  such  a  nucleus  is  surrounded 
by  basal  ottrelite  it  is  apt  to  be  basal  also.  By  far  the  most 
abundant  interpositions  are  a  multitude  of  extremely  minute 
black  to  brown  dots  and  atrgregates.  These  with  a  No.  7 
objective  are  resolved,  in  the  main  into  rntile  occurring  in 
knee-shaped  and  heart-shaped  twins  but  generally  in  rounded 
forms  in  which  twinning  is  not  distinguishable.  In  other 
cases  the  highest  objectives  are  incapable  of  individualiz- 
ing the  grains  as  is  mentioned  by  R^nard  in  his  "  Researches 
Sur  la  Composition  et  La  Structure  Des  Phyllades  Ar- 
dennes."*  In  some  crystals  the  rutile  is  grouped  in  reticu- 
lated lines  conforming  rather  rudely  to  the  planes  of  the  two 
f)rincipal  cleavages;  but,  as  a  rule  grouped  along  irregular 
ines  that  traverse  the  ottrelite  and  the  groundmass  alike,  and 
was  arranged  originally  in  structural  lines,  possibly  depositional 

*PhyUade  Otti^lUifdre  de  Montherm^e:  BuUetin  De  Mua^  D*Hiit  Kat.  I> 
Belgique,  3,  1884,  '85,  p.  252. 
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that  afterwards  were  built  into  the  ottrelite  with  total  disre- 
gard to  any  observed  relationship,  in  the  same  manner  that 
qnartz  and  feldspar  droplets  were  built  into  albites  in  another 

Ehase  of  this  rock.  Other  inclusions  are  graphite  (determined 
J  deflagration)  and  little  coflEee-brown  ilmenite  plates  (titan- 
eisenglimmer).  A  powerful  current  from  an  electromagnet 
applied  to  the  rock  powdered  and  nin  through  a  120-me8h 
sieve  failed  to  attract  but  little,  so  that  magnetite  and  prob- 
ably ferrous  oxide  are  absent.  The  usual  test  for  titanium 
gave  a  positive  reaction. 

As  in  biotite  and  chlorite,  pleochroic  zones  about  crystals  of 
zircon  are  very  common  in  the  ottrelite  and  the  characteristic 
dependence  of  maximum  pleochroism  upon  maximum  pleo- 
chroism  of  enclosing  mineral  is  observable.  While  zircon 
usually  occupies  the  centers  of  these  zones,  others  occur,  hav- 
ing no  perceptible  associated  inclusion,  but  are  circular  areas  of  a 
brownish  color,  not  resolvable  with  the  highest  power,  that  are 
probably  rutile  grains. 


Ottrelite  schist  showing  formation  of  ottrelite  at  manj  different  points.  Each 
small  area  is  oriented  with  all  the  others,  forming  a  large  area  having  a  general 
prismatic  outline.  The  prism  ( A )  has  been  developed  transverse  to  the  schistosity  of 
the  rock.  The  background  (B)  is  largely  gneissic  quartz  with  some  secondary  feld- 
spar.    X  25. 

Although  twinning  with  composition  face  parallel  to  O  is 
not  uncommon  in  the  ottrelite  a  large  part  oi  what  seems  to 
be  twinning  is  seen  to  be  due  to  overlapping  plates.  As  the 
stage  is  revolved  the  wavy  extinction  caused  by  this  may  be 
ob^rved,  —  the  usual  spherulitic  structure.  Examples  of 
crystal  growth  set  up  in  several  places  at  the  same  time  occur 
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in  the  rock,  where  each  part  is  controlled  by  every  other,  result- 
ing in  an  irregularly-outlined  prism  composed  of  many  indi- 
viduals. These  parts  are  separated  by  areas  of  the  ^roundnia86 
and  yet  are  all  oriented  together  (see  fig.  1).  This  phenomenon 
is  unlike  that  of  andalusite,  which  occurs  so  frequently  grown 
into  large  individuals  enwrapping  all  other  minerals  of  the  back- 
ground ;  but  is  another  example  of  independent  parallel  growth 
analogous  to  that  of  quartz  in  pegmatite.  Such  growths  are  com- 
monly developed  nearly  at  right  angles  to  the  layers  of  quartz 
and  feldspar  that  make  up  the  schistosity,  and  are  usually  freer 
from  inclusions  than  the  bundles.  They  occur  between  the 
main  areas  of  ottrelite  and  may  represent  a  second  generation  ; 
they  were  necessarily  formed  after  the  groundmass  was  con- 
verted to  a  mosaic  by  granulation. 

The  same  phenomenon  is  noticed  in  the  rutile.  Little  yel- 
lowish-brown grains  of  this  mineral  developed  in  the  inter- 
spaces of  the  minerals  composing  the  background  tend, 
although  made  up  of  separate  and  sometimes  isolated  grains,  to 
orient  themselves  parallel  to  one  another,  forming  groups  hav- 
ing prismatic  outlines.  These  groups  are  only  sparingly 
developed,  but  when  observed  they  are  generally  parallel  to 
one  another  and  to  the  schistosity  of  the  rock  and  are  restricted 
in  their  occurrence,  like  the  ottrelite  individuals  just  described, 
to  the  most  quartzose  parts  of  the  rock  which  they  enclose  in 
the  same  manner  as  the  ottrelite. 

An  interlamination  of  chlorite  and  ottrelite  at  first  glance 
was  mistaken  for  either  the  contemporaneous  formation  of 
these  minerals  or  an  infiltration  of  chlorite  parallel  to  the 
basal  cleavage  of  the  ottrelite.  Further  investigation,  how- 
ever, showea  that  the  chlorite  as  often  traversed  the  ottrelite 
irregularly  in  bifurcating  veins  and  enclosed  parts  of  it  (see  fig. 
2).  A  study  of  the  nature  of  these  veins  convinced  me  that 
the  chlorite  is  an  alteration  product  of  the  ottrelite.  The 
edges  of  the  veins  where  they  traverse  the  ottrelite  transverse 
to  the  basal  cleavage  are  jagged,  the  saw-like  teeth  projecting 
along  the  composition  faces  or  basal  cleavage.  The  chlorite  in 
such  cases  is  distinctly  made  up  of  little  fibers  which  have 
arranged  themselves  parallel  to  one  another  and  to  one  set  of 
twinning  lamellse.  Lines  of  inclusions  once  continuous  in  the 
ottrelite  now  stop  short  against  interlaminated  areas  of  chlorite 
showing  the  evident  secondary  nature  of  the  latter  mineral. 

In  other  places  the  chlorite  is  developed  alon^  the  basal  cleav- 
age, leaves  this  and  follows  one  of  the  prismatic  cleavages  and 
then  again  follows  the  basal,  making  one  continuous  line,  produc- 
ing steps  in  much  the  same  manner  that  garnet  does  when  it 
undergoes  this  alteration.  Cores  of  unaltered  ottrelite  remain 
in  the  chlorite  and  the  pleochroic  zones  once  in  the  parent  are 
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seen  again  in  the  secondary  mineral,  while  the  relationship  of 
maximum  pleochroism  of  these  zones  to  the  greatest  pleo- 
chroism  of  the  chlorite  is  handed  down  as  well.     This  metaso- 
I  matic  phenomenon  has  not  been  observed  in  other  phases  of 

the  ottrelite-bearing  conglomerate  thus  far  studied  by  me. 

2. 


Alteration  of  ottrelite  to  chlorite.  A,  overlapping  plates  of  ottrelite.  B,  bifur- 
cating vein  of  chlorite  allomorphosed  after  ottrelite  and  including  cores  of  unal- 
tered mineral.    G,  quartz  and  feldspar  mosaic. 

The  background  of  the  rock  is  composed  about  equally  of 

?[uartz  and  feldspar  as  principal  constituents.  The  feldspar  is 
resh  and  glassy,  untwinned  and  is  probably  albite ;  but  it  is 
hardly  abundant  enough  in  the  ottrelite-bearing  phases  to 
make  the  rock  a  gneiss  even  in  mineralogical  composition; 
and,  structurally,  a  gneipsic  habit  has  been  nowhere  observed 
where  ottrelite  exists  to  any  extent.  Sericite  is  also  abundant 
and  occurs  in  minute  prisms  between  the  interlocking  quartz 
grains  and  enclosed  by  the  albite  generally,  and  rarely  by  the 
ottrelite.  It  also  encloses  lines  of  rutile  dots  arranged  parallel 
to  its  cleavage  planes,  and,  next  to  the  ottrelite  it  is  tne  last- 
formed  mineral. 

Associated  with  rutile  in  the  groundmass  are  groups  of  stout 
and  slender  prisms  and  plates  having  a  very  high  single  and 
double  refraction  and  a  variable  color  from  brownish-yellow  to 
blue  even  in  the  same  individual.  These  I  identified  as  anatase 
and  for  verification  I  studied  Ciller's  sections  described  in  his 
contribution  on  "  Anatas  als  Umwandlungsprodukt  von  Titanit 
im   Biotitamphibolgranit   der  Troas."*      Unlike  the  anatase 

♦N.  J.  B.,  1,  1883,  pp.  187-193. 
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there  described  its  occnrrence  in  narrow  prisms  in  this  rock 
together  with  its  multitude  of  mtile  inclnsions  seem  excep- 
tional. The  stoater  prisms  have  terminal  faces  of  an  octa- 
hedron and  range  in  size  from  ^  to  -^  of  a  millimeter  in 
length.  As  the  sta^  is  revolved  the  pleochroism  seems  only 
the  intensification  of  the  inherent  color  of  the  mineral :  browns 
become  browner  and  blues,  bluer.  The  presence  of  mtile 
inclnsions  shows  the  anatase  to  have  formed  after  that  mineral 
and  suggests  the  probability  of  its  being  a  paramorphic  product 
of  the  rutile  inclusions. 

Butile  dots  and  prisms  exist  in  multitudes  enclosed  by  all 
other  minerals  of  a  secondary  nature.  They  are  so  extremely 
minute  that  even  in  a  very  thin  section  they  focus  in  six  or 
more  different  planes. 

AH  traces  of  original  clastic  material  in  the  rock  have  dis- 
appeared: feldspar  detritus,  if  it  once  occurred,  has  been  con- 
verted into  a  mosaic  of  quartz,  sericite,  biotite  and  probably 
albite,  and  the  detrital  quartz  has  been  granulated.  The 
existing  feldspar  is  the  characteristic  untwinned  glassy  variety 
carrying  quartz  and  sericite  inclusions  so  common  throughout 
this  horizon,  and  was  formed  after  the  granulation  of  the  rock, 
since  granulation  could  not  have  taken  place  without  straining  or  j 

crushing  it.  Nearly  all  the  quartz  is  sprinkled  with  rutile  inclu- 
sions, but  it  is  noticed  the  larger  areas  have  less  of  them  and  j 
may  be  cores  that  have  escaped  granulation.  Their  presence,  | 
however,  in  such  abundance  militates  against  the  probability 
of  any  of  the  quartz  being  allothegenic  and  indicates,  rather, 
its  secondary  nature.  In  the  same  way  quartz  may  enclose 
plates  of  micaceous  ilmenite  but  does  not  enclose  sericite 
There  is  evidence  of  two  periods  of  dynamic  action  indi- 
cated by  a  faint  wavy  extinction  in  the  feldspar,  in  some 
instances  and  by  the  bending  and  breaking  of  ottrelite  prisms. 

We  have  then  in  this  rock  three  titanium-bearinff  minerals 
(ilmenite,  rutile  and  anatase)  ottrelite,  chlorite,  feldspar  and 
quartz.  What  is  their  genetic  order  of  development  ?  This  is 
a  diflScult  question  to  answer  without  more  data  and  is  partica- 
larly  difficult  in  the  cases  of  the  ottrelite  and  rutila  The 
relative  position  of  the  former  mineral  can  be  determined 
easily,  but  the  source  of  the  solution  introducing  it  is  not  easily 
discovered.  Ottrelite  was  formed  after  the  rock  nad  undergone 
metasomatic  and  dynamic  changes  that  converted  its  clastic 
feldspar  to  its  resulting  minerals,  after  its  detrital  quartz  was 
sugared  and  the  rock  had  become  a  stable  aggregation  of 
minerals  under  the  conditions  of  environment  flien  existing. 
This  environment  changing,  owing  to  one  or  more  of  the  manj 
factors  affecting  the  character  of  a  rock  mass,  ottrelite  was 
introduced  probably  and  seemingly  necessarily  from  some  ex- 
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traDeous  source.  The  environment  of  the  rock  underwent  a 
third  chan^  and  thie  was  probably  an  elevation  which  strained 
the  albites,  fissured  the  ottrelite  and  subjected  the  rock  to  nor- 
mal surface  weathering,  during  which  the  conversion  of  ottre- 
lite to  chlorite,  was  initiated.  Prior  to  the  granulation  of  the 
clastic  constituents  the  titanium  in  some  combination  must 
have  existed  in  the  rock,  but  the  mineralogical  nature  of  this 
combination  is  obscure.  The  most  likely  source  o£  rutile  is 
from  some  titanium-bearing  iron  oxide  the  presence  of  which 
has  not  been  made  out  definitely  except  in  the  case  of  mica- 
ceous ilmenite,  itself  manifestly  of  a  secondary  nature,  occur- 
ring as  it  does  in  a  clastic  rock,  and  which  yields  no  evidence 
of  alteration.  Ordinary  granular  ilmenite,  such  as  occurs  so 
abundantly  in  phyllites,  which  is  prone  to  decomposition,  was 
most  likely  the  common  source  for  all  three  minerals  carrying 
titanium,  the  rutile  being  an  intermediate  stage  in  the  for- 
mation of  anatase.  The  micaceous  ilmenite  was  developed 
before  the  formation  of  the  gneissic  quartz,  since  the  latter 
encloses  it ;  the  anatase  probably  forming  after  the  quartz,  as 
it  occurs  in  the  interstices  between  the  quartz  grains. 

If  this  be  a  correct  interpretation,  the  order  of  crystallization 
of  the  existing  minerals  is  essentially  as  follows :  first,  rutile  and 
micaceous  ilmenite  followed  by  the  formation  of  gneissic  quartz 
enclosing  them  and  coincidently  the  growth  of  sericite-enclos- 
ing  rutile.  The  glassy  feldspars  were  then  formed  enclosing 
all  the  previousl}^  formed  minerals,  and  the  anatase  may  have 
resulted  as  an  alteration  product  of  the  rutile  at  about  this  stage 
in  the  rock's  history.  Then  the  ottrelite  began  its  .growth, 
including  all  the  other  minerals  in  the  rock  and  finally  the 
initial  alteration  of  this  mineral  to  chlorite  closes  its  history  up 
to  the  present  time. 

Cambridge,  Mass.,  March,  1892. 


Art.   XXXVI. — The  Age-coating  in  Incandescent  Lamps  ; 
by  Edward  L.  Nichols. 

[Experimental  work  by  Messrs.  B.  E.  Moore  and  C.  J.  Ling.] 


[Ck>ntributions  from  the  Physical  Laboratory  of  Cornell  University,  No.  11.] 

When  an  incandescent  lamp  is  maintained  at  constant  volt- 
age, it  invariably  falls  oflE  in  candle-power.  The  diminution 
in  brightness  is  attended  by  an  increase  in  the  amount  of  energy 
consumed  per  candle-power  of  light;  this  change  being  spe- 
cially marked  in  the  earlier  portion  of  the  life  of  the  lamp. 


Digitized  by  VjOOQIC 


278    E.  Z.  Nichols — Age-coating  in  Incandescent  Lamps. 

This  phenomenon,  which  seems  to  take  place  in  all  incandes- 
cent lamps  of  the  present  day,  was  first  studied  exhaustively 
by  Mr.  W .  H.  Pierce,  who  read  a  paper  entitled  "  The  Relation 
between  the  Initial  and  Average  Efficiency  of  Incandescent 
Electric  Lamps,"  before  the  American  Institute  of  Electrical 
Engineers,  in  1889.*  Mr.  Pierce  made  a  careful  study  of 
ninety-four  lamps,  including  nearly  all  the  types  of  glow-lamp 
then  in  use.  He  found  no  exception  to  the  rule  of  progressive 
degeneration.f 

These  changes  may  be  ascribed  to  at  least  three  causes :  loss 
of  vacuum,  increase  of  resistance,  due  to  the  disintegration  of 
the  filament,  and  finally,  the  deposition  of  the  dismtegrated 
carbon  upon  the  inner  surface  of  the  lamp-bulb.  It  was  the 
object  of  the  experiments  to  be  described  in  this  paper,  to  make 
a  study  of  this  coating.  We  endeavored  (1)  to  determine  its 
character;  that  is  to  say,  whether  it  is  colorless,  or  is  selective 
in  the  particular  rays  it  absorbs;  (2)  to  learn  something  about 
the  rate  and  distribution  of  deposit;  and  (3)  to  determine 
how  far  the  absorption  of  light  by  the  coating  is  accountable 
for  the  diminution  in  the  brilliancy  of  the  lamp. 

For  the  determinations  under  the  first  head,  we  made  use  of 
a  form  of  polarizing  spectro-photometer  which  has  been  more 
than  once  described  in  the  pages  of  this  Joumal.:^  The 
standards  of  light  were  incandescent  lamps.  These  were  main- 
tained at  a  candle-power  considerably  below  the  normal,  that 
the  changes  taking  place  in  them  might  be  slow.  Frequent 
comparisons  of  their  spectra  showed  that  the  relative  changes 
of  brightness  and  quality  of  light  were  inappreciable. 

The  first  step  in  our  investigation  consisted  in  the  measure- 
ment of  the  absorption  spectra  of  the  bulbs  of  certain  unused 
lamps,  which  had  been  selected  for  study.  These  lamps  were 
then  brought  to  degrees  of  incandescence,  previously  agreed 
upon,  and  were  maintained  in  that  condition  by  means  oi  the 
current  from  a  storage  battery  carefully  kept  constant,  until 
they  showed  coatings  of  sufficient  density  to  admit  of  ready 
measurement.  They  were  then  taken  out  of  circuit  and  the 
absorption  spectra  of  the  blackened  bulbs  were  determined. 
These  readings  gave  the  amount  of  light  of  each  wave-length 
absorbed,  and  by  repetition,  the  rate  of  deposition  during  dif- 
ferent periods  of  the  lamp's  existence.  The  entire  set  or  pho- 
tometric observations  were  duplicated,  but  since  the  final  results 

•  Trans.  Am.  Inst.  B.  E.,  vol.  vi,  p.  293. 

f  Since  the  above  was  written  an  extended  investigation  upon  this  subject  has 
appeared.  It  entirely  confirms  the  results  obtained  by  Mr.  Pierce.  (See  "  A 
life  and  efficiency  test  of  incandescent  lamps  "  by  Prof.  B.  F.  Thomas  and  Kfeasrs. 
Martin  and  Uassler),  Trans.  Am.  Inst.  E.  E.,  vol.  ix,  1892. 

X  This  Journal,  vol.  xxxvi,  p.  332 ;  also  Phil.  Mag.,  V,  xxxii,  p.  404. 
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obtained  by  the  two  independent  observers  (Moore  and  Ling), 
were  in  agreement,  only  the  mean  of  the  two  sets  is  given  in 
the  following  tables. 

In  order  to  ascertain  precisely  what  part  in  the  decadence  of 
the  lamp  is  attributable  to  the  coating,  it  was  necessary  to  keep 
carefnl  watch  of  the  continually  shifting  electrical  and  photo- 
metric conditions  during  its  entire  life ;  and  in  order  to  main- 
tain in  each  lamp  the  precise  conditions  under  which  it  had 
been  determined  that  it  should  be  burned,  measurements  of 
candle-power  and  voltage  had  to  be  made  at  short  intervals, 
together  with  continual  readjustments  of  the  current. 

Fourteen  lamps  in  all  were  selected  for  the  investigation. 
These  were  of  two  widely  different  types,  representing  the  two 
great  classes,  viz :  lamps  with  untreated  and  with  treated  fila- 
ments. Of  these,  some  were  maintained  at  the  voltage  indica- 
ted by  the  maker,  or  at  predetermined,  constant  voltages  other 
than  this.  Others  were  kept  at  constant  candle-power  through- 
out their  entire  life,  the  current  being  increased  whenever  the 
decrease  in  brightness  due  to  increasing  age  had  become 
appreciable. 

From  the  data  obtained  in  this  way,  the  life  curves  of  the 
various  lamps  were  plotted,  showing  the  variation  in  candle- 
power  or  voltage  respectively,  of  resistance  and  of  efficiency 
expressed  in  watts  per  candle,  during  its  entire  existence. 
Some  of  these  curves  have  already  been  published.*  As  these 
results  were  quite  in  accordance  with  those  obtained  by  Mr. 
Pierce,  to  which  reference  has  already  been  made,  it  will  be 
necessary  to  deal  with  them  here  only  in  so  far  as  they  bear 
upon  the  question  of  the  influence  of  the  age-coating  upon  the 
efficiency  of  the  lamp. 

I. 

Color  of  the  coating. 

Measurements  upon  all  fourteen  of  the  lamps  which  were 
subjected  to  the  spectro-photometric  tests,  showed  the  color  of 
the  coatings  upon  lamp-bulbs  containing  treated  and  untreated 
carbons,  respectively,  to  be  practically  identical  in  character. 
The  color  of  the  coatings  obtained  in  lamps  of  either  type, 
under  widely  diverse  conditions  (as  for  example,  by  maintain- 
ing a  sixteen  candle-power  lamp  at  sixty-four  candles  through- 
out its  life),  was  the  same  as  that  produced  under  normal  con- 
ditions of  service.  The  color  in  question  is  very  nearly  neutral, 
the  percentage  of  light  transmitted  being  approximately  the 
same  for  all  parts  of  the  visible  spectrum.     The  effect  of  the 

*The  Artificial  Light  of  the  Future:  Electric  Club  Pamphlets,  No.  24,  New- 
York,  1890  J  also  Electrical  World,  16,  p.  387,  Electrical  Eogineer,  10,  p.  696. 

Am.  Jour.  Sol— Third  Series,  Vol.  XLIV,  No.  262.— October,  1892. 
19 
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"  age-coating ^^^  as  the  deposit  which  we  are  considering  may  be 
called,  is  therefore  to  dim  the  lamp,  without  appreciabfy  chang- 
ing the  quality  of  its  light. 

The  most  complete  set  of  observations  obtained  with  lamps 
of  untreated  carbon  are  those  referring  to  a  lamp  designated 
in  our  list  as  No.  2.*  This  lamp  was  maintained  at  normal 
voltage  for  over  eight  hundred  hours.  Frequent  readings  of 
candle-power  and  current,  during  this  time,  afforded  the  means 
of  tracing  the  progressive  changes  of  light-giving  power, 
efficiency  and  resistance.  Measurements  of  the  age-coating 
were  made  after  100,  200,  400  and  800  hours  of  life,  readings 
being  taken  in  ten  regions  of  the  spectrum.  The  results  are 
given  in  Table  I,  together  with  data  indicating  the  condition 
of  the  lamp  at  the  above  mentioned  periods  of  its  life.  These 
are  taken  from  a  set  of  sixty-seven  readings  of  voltage  and 
current,  distributed  over  the  entire  life  of  the  lamp  at  nearly 
equal  intervals.  The  variation  in  voltage  during  the  entire 
eight  hundred  hours  was  never  more  than  0*3  volts  above  or 
below  the  initial  value. 

Table  I. 

Lamp  No.  2  (untreated  filament). 

Initial  Conditions, 

Volts.  Amperes.  Ohms.       Candle-power.  Watts  per  candle. 

101-8  0-474  214-8  16*00  3-015 

Conditions  after  100  hours. 

Volts.  Amperes.  Ohms.        Candle-power.         Watts  per  candle. 

101-9  0-453  226-3  12*50  3*697 

Light  transmitted  by  the  coatingy  after  100  hours. 

A  =  -750         88-9  per  cent         \  =  -507  92-2  per  cent 

-713  90-2  -481  92-8 

-635  91-8  -460  923 

•668  91-5  -443  92*4 

•538  91-9  -429  92.4 

Conditions  after  200  hours. 
Volts.  Amperes.  Ohms.       Candle-power.       Watts  per  candle, 

101-8  0-421  225-9  10-8  4-i60 

Light  transmitted  by  the  coating  after  200  hours. 
\  =  ^750         83-6  per  cent  A  =  -507         86*4  per  cent 

-713  84-5  -481  86-9 

•635  86-6  ^460  87*6 

•580  85-4  -443  87*9 

•638  85^9  -429         85-4 

*  This  and  other  numbers  used  refer  to  the  records  of  these  experiments  «s 
given  in  full  in  the  thesis  of  Messrs.  Moore  and  Ling,  a  manuscript  deposited  in 
the  library  of  Cornell  University.  (The  Life  and  Duration  of  Incandescent 
Lamps ;  with  special  Reference  to  the  Light  absorbed  by  the  Coating  within  the 
Bulb,  by  B.  E.  Mooro  and  C.  J.  Ling.     1890.) 
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Conditions  after  400  hours. 


Volts. 

AzDperos.             Ohms.      Candle-power. 

Watts  per  candle. 

101-8 

0-428             237-7              9-67 

4-510 

Light  transmitted  by  the  coating  after  400  hours. 

A  =  -750 

79^3  per  cent         A  =  •507 

83-5  per  cent 

•713 

80^9                                    -481 

83^6 

•635 

82^3                                    ^460 

84^0 

•580 

820                                    -443 

84-3 

•538 

82-6                                    -429 
Conditions  after  800  hours. 

821 

Volts. 

Amperes.             Ohms.       Candle-power. 

Watts  per  candle. 

101-9 

0^415               245^6              7^20 

5^880 

Light  transmitted  by  the  coating  after  800  hours. 

A  ='750 

75*7  per  cent          A  =  ^507 

78-7  per  cent 

•713 

75^9                                   -481 

79^4 

•635 

78-0                                   ^460 

79^9 

•580 

78-6                                    ^443 

80^5 

•538 

78-4                                    ^429 

77-3 

Another  typical  case  was  that  of  lamp  No.  10,  which  was  a 
lamp  with  a  treated  filament.  It  was  maintained  at  a  very 
different  degree  of  incandescence,  being  a  lamp  of  low  effi- 
ciency, which  when  set  at  the  voltage  indicated  by  the  manu- 
facturer, required  an  expenditure  of  5^16  watts  per  candle. 
The  age  coating  of  this  lamp  approached  even  more  nearly  to 
complete  neutrality  of  shade  than  did  most  of  those  which  we 
had  occasion  to  measure.  The  results  obtained  at  two  hundred 
and  nine  hundred  hours  are  given  in  Table  II. 

Table  II. 

Lamp  No.  10  (treated  filament). 

Initial  Conditions. 


Volts.          Amperes.              Ohms.      Candle-power. 
36^0              M71             "30^63              82 

Watts  per  candle. 
5-16 

Conditions  after  200  hours. 

Volts.          Amperes.             Ohms.      Candle-power. 
36^9              M46              3127              7*1 

Watts  per  candle. 
5-91 

Light  transmitted  by  the  coating  after  200  hours. 

A  =  ^750         91^9  per  cent          A  =  ^607 
•713         90^4                                   ^481 
•635          89-5                                    ^460 
•580          90^5                                    -443 
•538         90-5                                    -429 

90^7  per  cent 

90^4 

90-7 

90-5 

90^4 
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Conditions  after  908  hours, 
Yolts.  Amperes.  Ohms.      Candle-power.      Watts  per  candle. 

36-14  114  31-70  (unknown)* 

Light  transmitted  by  the  coating  after  908  hours, 

\  =  -760  86-6  per  cent  A  =  -507  84-6  per  cent 

•713  85-2  -481  85-0 

•635  83-1  -460  86-5 

•580  83-6  ^443  86-0 

•538  84-6  -429  86-0 

The  normal  life  of  a  lamp  starting  at  5  watts  per  candle,  is 
many  thonsands  of  hours.  Lamp  No.  10  was  prematurely 
broken  at  908  hours,  at  which  time  the  coating  had  reached  a 
density  corresponding  to  that  of  a  3  watt  lamp  (No.  2)  after 
200  hours  of  life.  A  comparison  of  Tables  I  and  II  will  show 
that  while  the  coatings  on  these  two  lamp  bulbs  were  not 
quite  neutral  nor  precisely  identical  in  tint,  that  they  both 
transmit  light  with  much  greater  uniformity  than  do  such 
materials,  for  example  as  optical  glass,  calcite,  etcf 

11. 
The  distribution  of  the  age-coating  within  the  bidb. 

The  distribution  of  the  age-coating  was  determined  indi- 
rectly, as  follows :  Two  of  the  lamps  under  examination,  were 
measured  for  horizontal  candle  power  according  to  the  "  Frank- 
lin Institute  "  method  ;±  measurements  being  made  in  twelve 
meridians,  30°  apart.  The  readings  were  repeated  at  frequent 
intervals  throughout  the  life  of  the  lamps.  The  results  were 
plotted  with  polar  coordinates.  They  show  (figure  1),  by  the 
diminishing  area  of  the  successive  curves,  the  progressive  loss 
of  brightness  due  to  age,  of  which  about  one-half  is  ascribable 
to  the  coating.  The  similarity  of  the  curves,  from  first  to  last, 
indicates  that  the  coating  is  deposited  uniformly  within  the 
bulb,  or  in  uniform  lateral  zones,  so  that  the  density  of  the 
film,  is  symmetrical  with  reference  to  any  given  meridian. 
The  case  chosen  for  illustration  is  lamp  No.  7.  The  results 
obtained  with  lamp  8,  were  in  every  essential  respect  the  same 
as  those  shown  in  the  diagram. 

*  The  lamp  was  broken  before  the  photometric  measurements  had  been  com- 
pleted. 

f  See  Kruess,  Kolorimetrie,  p.  243 ;  also,  Nichols  and  Snow,  Phil.  Mag.,  Y,  toI. 
zxziii,  p  379. 

X  See  Franklin  Institute  Tests  (rntemational  Electrical  Exhibition,  18S4),  Phila- 
delphia, 1886. 
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III. 

The  age-coating  considered  tw  a  factor  in  the  diminishing  effi- 
ciency of  the  lamp. 

It  may  be  seen  from  the  Tables  (I  and  II)  that  the  absorbing 
power  of  the  coating  is  in  itself  sufficient  to  account  for  a  Very 
considerable  falling  off  in  the  candle-power,  as  the  lamp, 
within  the  bulb  of  which  it  forms,  grows  old  in  service.  By 
summation  of  the  values  in  the  taoles,  we  may  obtain  the 
average  absorbing  power  for  the  entire  spectrum ;  and  since 
selective  absorption  is  almost  entirely  absent,  these  averages 
will  give  very  closely  indeed  the  loss  in  candle-power,  which 
at  the  time  in  qnestion  was  ascribable  to  the  influence  of  the 
coating.  From  the  data  in  Tables  I  and  II,  also,  we  may  com- 
pute the  efficiencies  of  the  lamps  at  various  stages  in  terms  of 
their  initial  efficiency  as  unity ;  likewise  their  brightness  from 
time  to  time,  in  terms  of  their  initial  candle-power,  as  unity. 
In  Tables  III  and  IV  are  given,  for  purpose  of  comparison, 
the  relative  brightness  and  efficiency  of  lamps  2  and  10,  at 
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various  periods,  also  the  average  absorbing  power  of   their 
coatings. 

Table  III. 

Relative  brightness y  efficiency  and  transparency  of  lamp  No.  2,  at  vari- 
ous periods  {each  expressed  in  terras  of  its  initial  value  taken  as  one 
hundred). 


Time. 
000-  hours 
100       " 
200       " 
400       " 
800       " 


Relative 
brightness. 

100- 
78-1 
67-6 
60-4 
45-0 


Relative 
efficiency. 

100- 
81-5 
70-9 
66-8 
5i-3 


Relative  transparency 
of  bulb. 

100- 
01-44 
85-91 
82-46 
78-24 


Table  IV. 

Relative  brightness,  efflciency  and  transparency  of  lamp  10,  at  various 
periods  (each  expressed  in  terms  of  its  initial  value,  taken  as  100), 


Tima 
0-    hoars. 


50- 
109- 
200- 
400- 
611- 
600- 
900- 


Relative 
brightness. 

100- 
92-6 
91-4 
86-6 

80*5 
78-7 
78-0 


Relative 
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The  curves  in  figure  2  are  based  upon  these  data.  They 
show  that  the  loss  in  candle-power  and  efficiency  are  only  in 
part  due  to  the  opacity  of  the  coatings.  It  is  of  some  interest 
to  compare  lamps  2  and  10,  since  the  former  is  a  three  watt 
lamp,  whereas  the  other  required  5*16  watts  per  candle  at  the 
beginning  of  the  test.  It  is  to  be  regretted  that  the  tests  did 
not  extend  over  the  normal  life-time  of  such  a  lamp ;  the 
results  obtained,  however,  suffice  to  show  that  the  loss  due  to 
coating  is  a  much  larger  portion  of  the  total  loss  in  the  low 
efficiency  lamp  than  in  the  other.  Measurements  with  several 
lamps,  maintained  at  abnormally  high  temperatures  seemed  to 
indicate  that  the  higher  the  state  of  incandescence  the  less 
marked  (relatively)  is  the  influence  of  the  age-coating  upon 
the  decadence  of  the  lamp. 


Summary  of  results. 

1.  The  rate  of  deposit  of  the  coating  in  incandescent  lamp 
bulbs  is  greatest  in  the  early  part  of  the  life  of  the  lamp. 
For  example,  in  the  case  of  a  lamp  which  lasted  800  hours, 
(see  Table  III)  more  than  half  of  the  coating  was  deposited  dur- 
ing the  first  200  hours. 

2.  The  loss  of  brightness  due  to  the  absorbing  power  of  the 
age-coating  is  a  variable  part  of  the  total  loss,  being  greatest 
in  lamps  of  high  initial  efficiency. 

3.  The  coating  does  not  appreciably  modify  the  character  of 
the  light  which  emanates  from  the  lamp. 

4.  The  distribution  of  the  coating  within  the  bulb  is  a  nearly 
uniform  one  (see  figure  1). 

5.  No  marked  diflEerence  between  treated  and  untreated  fila- 
ments appears  to  exist,  as  regards  the  density  or  quality  of  the 
coating  produced  from  them.* 

Physical  Laboratory  of  Cornell  UDiversity,  July,  1892. 

*  Since  ibis  article  was  written  it  has  been  pointed  out  by  Professor  B.  F. 
Thomas  (in  the  paper  already  cited),  that  in  ihe  case  of  lamps  exhausted  without 
the  aid  of  mercury  the  age -coating  is  scarcely  perceptible. 
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Art.  XXXVII. — Mica-peridotite  from  Kentucky ;  by  J.  S. 

DiLLER. 

In  November,  1890,  I  received  from  Mr.  E.  O.  Ulrich  of 
the  Geological  Survey  of  Kentucky  the  information  that  a  dike, 
called  the  Flanary  dike,  had  been  discovered  in  Crittenden 
County  of  that  State.  The  specimens  from  the  dike  sent  to  me 
at  that  time  for  examination  were  laid  aside  awaiting  the  report 
upon  the  eruptive  rocks  of  Arkansas  by  J.  Francis  Williams, 
and  J.  F.  Kemp.  It  was  expected  that  similar  rocks  would  be 
found  in  Arkansas  and  this  paper  rendered  unnecessary. 

Mr.  Ulrich  has  kindly  furnished  me  the  following  informa- 
tion concerning  the  occurrence  of  the  rock  in  the  field. 

The  dike  is  in  a  fault  striking  N.  44  E.  Although  the  peri- 
dotite  has  not  yet  been  found  all  along  the  fault  it  is  known  to 
occur  at  four  points  on  the  line  with  a  distance  of  6  miles 
between  the  extremes.  In  Livingston  county  a  little  was  seen 
in  a  shaft  mixed  with  fluor  spar  and  other  vein  matter.  A 
mile  and  a  half  northeast  of  the  county  line  and  three  miles 
from  the  locality  just  noted,  a  shallow  opening  exposes  consider- 
able decomposed  peridotite  of  a  light  gray  or  ash  color.  Here 
again  it  is  associated  with  vein  matter  chiefly  fluor  spar.  At 
the  Flanary  shaft  the  dike  is  over  20  feet  wide  with  no  wall 
seen  on  either  side.  Crosscuts  were  made  6  feet  on  one  side 
and  8  feet  on  the  other  without  finding  the  walls.  It  may  be 
that  the  shaft  is  at  the  intersection  of  several  veins  in  a  sort  of 
"  chimney."  A  quarter  mile  southeast  on  the  Holly  the  vein 
matter  is  6  feet  solid  and  pure  fluor  spar.  The  dike  break 
separates  strata  faulted  no  less  than  800  feet  with  the  St.  Louis 
beds  on  the  northwest  and  the  upper  Chester  and  coal-measure 
conglomerate  on  the  southeast. 

At  least  one  other  dike  has  been  discovered  in  the  county 
and  Mr.  Ulrich  thinks  its  material  is  closely  related  to  that  of 
the  Flanary  dike.  It  occurs  in  a  much  tumbled  region  just 
south  of  the  Columbia  mines  which  he  regards  as  the  cnief 
center  of  disturbance. 

The  specimens  for  my  study  were  selected  by  Mr.  Ulrich 
from  among  the  material  thrown  out  of  the  Hanary  shaft 
The  shaft  is  45  feet  deep  and  the  material  exposed  to  surface 
weathering  for  nearly  two  years.  The  rock  is  dull  greenish- 
gray.  At  first  glance  it  has  a  granitic  aspect  but  upon  closer 
examination  the  resemblance  disappears.  It  contains  many 
small  dark  greenish  spots  besides  brownish  scales  of  mica. 
Upon  comparing  it  with  an  altered  specimen  of  the  peridotite 
from  Elliott  county,  Ky.,  one  is  led  at  once  to  suspect  that 
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the  dark  green  spots  are  serpentine  and  represent  original  oli- 
vine. A  thin  section  of  the  rock  examinea  under  the  micro- 
scope confirms  the  conjecture. 

The  rock  is  composed  essentially  of  biotite,  serpentine,  and 
perofskite  with  a  smaller  proportion  of  apatite,  muscovite, 
magnetite,  chlorite,  calcite  and  other  secondary  products  which 
cannot  be  definitely  determined.  It  is  possible  that  originally 
there  may  have  been  some  pyroxene  present.  The  biotite  is 
somewhat  in  excess  of  the  serpentine  and  together  they  form 
nearly  75  per  cent  of  the  whole  rock,  small  crystals  of  perofskite 
are  abundant  but  their  total  mass  is  less  than  that  of  the  brown- 
ish-gray clouded  material  supposed  to  be  of  secondary  origin. 
Opaque  black  grains  of  magnetite  are  rather  common  and  a 
few  clear  crystals  of  apatite  as  well  as  scales  of  chlorite  and 
inuscovite  and  small  veins  of  fibrous  calcite  are  present.  Judg- 
ing from  the  chemical  analysis  there  is  probably  considerable 
chroraite  present  also. 

If  we  consider  only  the  relation  of  the  large  scales  of  biotite 
to  one  another  as  determining  the  structure  of  the  rock  it  is 
granitoid  for  the  biotite  is  alTotriomorphic.  This  mineral  is 
yellowish  brown  to  almost  colorless,  it  occurs  in  round  or 
oblong  patches  averaging  about  4"°*  in  diameter  and  forms  the 
groundwork  of  the  rock.  Within  these  irregular  scales  are 
scattered  the  crystals  and  grains  of  serpentine  in  such  a  way  as 
to  render  them  poecilitic  on  a  cleavage  face.  The  biotite  here 
plays  essentially  the  same  role  as  the  hornblende  and  augite  in 
the  picrites.  Between  the  larger  scales,  scattered  here  a  few, 
and  there  many,  throughout  the  brownish-^ray  clouded  matter 
are  smaller  scales  of  biotite.  In  sections  ot  the  biotite  perpen- 
dicular to  its  basal  cleavage,  although  its  colors  between  crossed 
nicols  are  brilliant  "its  absorption  is  very  feeble  even  less  than 
that  of  ordinary  brown  hornblende.  Prof.  Rosenbusch  sug- 
gests that  the  absorption  is  too  small  and  the  bisectrix  too 
oblique  for  normal  biotite.  The  biotite  is  occasionally  altered 
to  chlorite. 

The  serpentine  is  distributed  uniformly  throughout  the  rock 
in  irregular  rounded  or  angular  grains  averaging  about  1°*™  in 
diameter.  The  characteristic  sections  with  outlines  like  those 
of  olivine  parallel  to  the  base  and  macropinacoid  are  sufficiently 
numerous  and  well  defined  to  clearly  indicate  that  the  serpen- 
tine originated  from  the  alteration  of  olivine.  The  large 
quantity  of  olivine  originally  present  shows  that  the  rock 
belongs  to  the  peridotites. 

The  mineral  regarded  as  perofskite  is  abundant  and  generally 
well  crystallized.  The  diamond-shaped,  square  and  triangular 
sections  which  are  completely  isotropic  demonstrate  that  it  is 
isometric.     Its  color  is   honey -yellow    and  only   moderately 
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transparent.  The  crystals  vary  in  size  from  -01""*  to  '1""  in 
diameter  and  are  almost  always  black-bordered.  The  chemi- 
cal analysis  of  the  rock  shows  that  it  contains  3-78  per  ceut 
TiO,  with  9*46  per  cent  CaO.  After  taking  out  of  the  analysis 
the  elements  demanded  for  the  other  determined  minerals 
there  yet  remains  essentially  the  composition  of  perofskite. 
Titanic  acid  is  frequently  found  in  biotite  and  it  is  desirable 
that  analyses  be  ujade  of  both  biotite  and  perofskite  in  this 
case  ;  but  as  the  minute  crystals  of  perofskite  are  generally  en- 
veloped by  the  biotite  it  would  be  very  difficult  and  perhaps 
impossible  to  satisfactorily  separate  them. 

The  muscovite,  chlorite,  magnetite,  apatite  and  fibrous  cal* 
cite  have  no  features  deserving  special  mention.  The  brown- 
ish gray  clouded  material  which  is  next  in  abundance  to  the 
serpentine  is  scattered  throughout  the  section  generally  between 
the  scales  of  biotite,  but  often  within  them.  It  is  without 
crystallographic  outline  or  such  physical  features  as  definitely 
indicate  its  origin. 

The  following  chemical  analysis  of  the  rock  for  which  I  am 
greatly  indebted  to  Mr.  W.  F.  Hillebrand  was  made  in  the 
chemical  laboratory  of  the  U.  S.  Geological  Survey. 

SiO, 33-84 

TiO, 3-78 

A1,0, 5-88 

Cr,0, 0-18 

Fe^, 7-04 

FeO 6-16 

MnO 0-16 

W\0 o-io 

CoO tr. 

CaO :.  9-46 

BaO    0-06 

MgO   22-96 

K,0 204 

Na,0 0-33 

H,0 ...  7-50 

P,0, 0-89 

CI 0-06 

Fl ? 

CO 0-43 


99-86 


In  addition  to  the  water  given,  the  sample  lost  0*68  per  cent 
water  at  100°  C.  The  large  percentage  of  H,0  and  CO,  shows 
the  highly  altered  condition  of  the  rock. 

Among  the  peridotites  already  described  Roeenbusch  has 
recognized  six  forms.     Considering  only  their  essential  constit- 
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nentB,  the  designations  adopted  by  him  are  as  follows: — 
picrite  =  olivine + an gite,  amphibole  picrite  =  olivine+am phi- 
bole,  Wehrlite= olivine  4-  dial  lage,  Harzhurgite^  olivine + rhom- 
bic  pyroxene,  ZA^2oKfe=olivine+diallage+bronzite,  dunite= 
olivme+chromite  without  pyroxene  or  amphibole. 

Heretofore*  no  peridotitic  rock  has  been  recognized  in  which 
biotitef  has  played  the  role  of  an  original  essential  constituent. 
While  it  is  evident  that  the  Flanary  dike  rock  belongs  to  the 
peridotites,  it  is  clearly  excluded  from  any  of  the  subdivisions 
above.  In  order  that  it  may  be  conveniently  distinguished 
from  other  peridotites  I  propose  for  it  the  name  mica-perido- 
tite,  a  name  which  I  believe  will  at  once  suggest  to  all  students 
of  petrography  its  kinship. 

More  than  half  a  decade  ago  Prof.  A.  E.  Crandall:}:  dis- 
covered the  peridotite  of  Elliott  county,  Kentucky,  and  to  this 
Mr.  Ulrich  now  adds  one  more  of  the  same  type  of  rocks  from 
the  western  part  of  the  State.  Closely  related  rocks  of  the 
same  group  have  been  described  by  Drs.  J.  C.  Branner§  and 
R.  N.  Brackett  from  Pike  Co.,  Ark.,  by  Prof.  G.  H.  Williams,! 
from  Syracuse,  N.  Y.,  and  by  Prof.  J.  F.  Kemp,T^  from  Ithaca, 

A  very  fresh  olivine  mica  rock  closely  related  to  the  mica 
peridotite  of  Kentucky  has  been  described  by  Dr.  Max  Koch,** 
who  recognizes  it  as  a  new  type.  It  occurs  in  the  gabbro  region 
of  the  Harz  and  contains  augite  and  plagioclase  as  accessory 
minerals  in  small  quantities.  These  minerals  as  well  as  the 
geologic  relations  of  the  rock  indicate  according  to  Dr.  Koch, 
uiat  it  belongs  to  the  gabbro  group. 

U.  S.  Geological  Survey,  Washington,  D.  C. 

*  Excepting  perhaps  one  described  by  Max  Koch  which  will  be  noticed  later. 

f  The  peridotitic  rock  described  by  Judd  (Quart.  Jour.  Geol.  Soc.,  Aug.,  1886,  p. 
401),  as  scy elite  is  rich  in  mica;  but  he  regards  it  as  secondary  resulting  from  the 
alteration  of  augite.  Furthermore,  sc^elite  contains  hornblende  of  which  not  a 
trace  has  been  found  In  the  rock  from  Flanary  dike. 

X  Geol.  Survey  of  Ky.,  Report  on  the  Geology  of  Elliott  County,  by  A.  R.  Cran- 
daU,  p.  17.  See  also  articles  by  J.  S.  Diller,  this  Journal,  Aug.  1886,  and  U.  S. 
GeoL  Survey,  Bulletin  No.  38. 

§  This  Journal,  vol.  xxxviii,  p.  50,  1889 ;  also,  Geol.  Survey  of  Ark.  Annual 
Rept  for  1890,  vol.  11.  p.  377. 

I  Ibid.,  vol.  xxxiv,  pp.  140-142,  1887. 

^  Ibid.,  vol.  xlli.  p.  410,  1891. 

**Zeitschr.  d.  d.  geolog.  Gesell.,  xli,  p.  163,  1889. 
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Art.  XXXVIII. — Glaciation  in  the  Finger-Lake  region  of 
New  York;  by  D.  F.  Lincoln,  M.D.,  Geneva,  K  Y. 

The  Appalachian  plateau,  at  the  line  between  New  York 
and  Pennsylvania,  is  composed  of  Upper  Devonian  sandstone 
and  sandy  shale,  dipping  slightly  to  the  south,  with  summits 
2000-2600  feet  above  tide  level.  The  valleys  are  i-ather  deep 
(400-800  feet),  and  resemble  in  a  general  way  those  of  central 
Pennsylvania,  but  without  the  N.E.-S.W.  parallelism  of  the 
latter.  The  elevations  do  not  take  the  form  of  ridges ;  they 
consist  of  broad,  clumsy  masses,  diminishing  in  steepness  as 
they  ascend,  and  capped  with  irregular  rolling  plains. 

The  Susquehanna,  with  its  tributary  the  Chemung,  here 
forms  an  important  depression,  north  of  which  the  land  rises 
to  the  height  of  2000  feet,  again  sinking  to  form  the  basin  of 
the  Finger  Lakes.  The  lakes  therefore  occupy  a  section  of 
the  northern  slope  of  the  Appalachian  plateau,  which  may  be 
defined  as  extending  100  miles  E.-W.,  from  the  Genesee 
Valley  to  Cazenovia  Lake,  and  about  70  miles  N.-S.,  from 
Lake  Ontario  to  the  curved  line  of  high  land  just  south  of  the 
lakes. 

This  line  of  heights  corresponds  in  position  with  the 
^*  Terminal  Moraine  of  the  Second  Glacial  Epoch "  of  Cham- 
berlin,*  and  is  defined  as  a  water-parting  by  the  following 
high  points— Bristol,  2254  ft. ;  Urbana,  1940  ;  Orange,  2033  ; 
Newfield,  2095;  Dryden,  1888;  Virgil,  2133;  Solon,  1977; 
Fabius,  2015  ;  Fenner,  1862.t 

The  height  of  land  of  which  these  are  the  summits  is  cut 
through  by  many  deep  straight  valleys,  which  on  the  south 
communicate  with  the  Chemung-Susquehanna  valley,  while  on 
the  north  they  converge  toward  a  common  imaginary  center 
in  Lake  Ontario.  The  northerly  discharge  is  intercepted  by 
streams  flowing  eastward,  which  unite  to  form  the  Oswego 
River.  Most  of  these  north-south  valleys  are  so  blocked  with 
drift  as  to  form  lakes. 

The  middle  of  the  common  basin  is  axially  depressed,  in  a 
north-south  direction ;  the  depression  is  occupied  by  the  two 
'  largest  lakes,  Seneca  and  Cayuga. 

There  is  a  considerable  system  of  minor,  preglacial  vallej^s 

still  traceable  in  the  elevated  tracts  between  the  lakes.     This 

'  system,  however,  has  been  so  disturbed  by  glaciation  that  it  no 

j  *  U.  S.  Geol.  Survey,  Third  Report. 

I  t  Triangulation  of  N.  Y.  State  Survey,  1883,  1887. 
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longer  furnishes  in  normal  fashion  a  series  of  tributaries  to  the 
lakes.  The  greater  part  of  the  surface  water  enters  the  lakes 
through  torrents,  running  from  two  to  four  miles  in  a  straight 
course,  at  right  angles  to  the  lake-axis,  through  precipitous 


p 


1*:^- 


The  Finger-lake  region  of  New  York. 

Terminal  moraine  (from  Chamberlain)  is  represented  by  dots. — Corniferous 
limestone,  a  line  of  dots. — Tully  limestone  (Prof.  U.  S.  Williams)  dots  and 
dashes  —  .  —  . 

A,  Bristol ;  B,  Urbana ;  C,  Sugar  Hill ;  D,  Hornby ; 

E,  Orange;  F,  Newfleld;         0,  Dryden;  II,  Virgil; 

J,  Riehford;  K,  Solon;  L,  Fabius;  M,  Fenner. 

Elevations  above  sea-level — Rochester,  508;  Lyons,  407;  Clyde,  396;  Bath, 
1105;   Ehnira,  863;  Sugar  Hill,  2091;  Hornby,  2045;  Riehford,  1995. 

forges,  which  they  are  still  actively  deepening.  Some  of  the 
nest  scenery  in  the  State  is  found  in  tliese  gorges.  Watkins 
and  Havana  glens  are  examples ;  the  highest  waterfall  in  the 
State  occurs  in  the  Taughannock  glen,  near  Ithaca ;  its  per- 
pendicular fall  is  190  feet. 


Digitized  by  VjOOQIC 


292  D.  F.  Lincoln — Glaciation  in  the 


Altitudes  and  Depths  of  Lakes. 

Elevation  above  tide.  Greatest  depth. 

Erie 5729  L  210  G 

Chautauqua 1291  G 

Conesus 821  R  70  G 

Hemlock  898  R  87  G 

Canadice 1099  R  87  G 

Honeoye less  th^n  Hemlock      25  G 

Canandaigua 668  G 

Keuka  (Crooked) 718' 10'  G 

Seneca 441  C  618M 

Cayuga 878  C  435  M 

Owasco  670  G 

(  860  G 

Skaneatcles \  864'  12'' 

(861  C 

Otisco no  data 

Cazenovia  900  G 

Schuyler 1200  G 

Otsego 1193      •  G 

Onondaga 361  G 

(369  G 

Oneida \  367*71 

(  368  C 

Ontario 1 246  L  738 


L  =  U.  S.  Lake  Survey.  C  =  Resurvey  of  N.  Y.  Canals.  R  =  Rochester 
Water  Works  Surveys.  P  =  Penn.  &  N.  Y.  R.  R.  G  =  French's  Gazetteer  of 
N.  Y.,  1860  (comparatively  poor  authority.)  M  =  Soundings  given  on  map  pub- 
lished by  Kngineering  Department  of  Cornell  University. 

The  enfire  basin  may  conveniently  be  divided  into  three 
regions  or  zones,  nearly  corresponding  with  certain  geological 
formations.  The  northern  zone  (Silurian)  is  nearly  levels  with 
a  heavy  mantle  of  drift ;  it  extends  from  the  Ontario  coast  to 
the  northerly  escarpment  of  the  Corniferous  limestone,  which 
is  skirted  by  the  line  of  railroad  passing  through  Auburn, 
Geneva,  Canandaigua,  and  Miller's  Corners.  The  middle  zone 
comprises  the  moderate  ascent  of  the  lower  Devonian,  extend- 
ing south  from  6  to  20  miles  from  the  railroad.  The  southern 
zone,  with  steep  slopes  and  deep  valleys,  comprises  the  Upper 
Devonian  (Chemung  and  Portage  rocks),  including  on  the  east 
the  lower  Devonian  to  Skaneateles.  The  zigzag  dotted  line  of 
the  Tully  limestone  partially  indicates  the  demarcation  between 
the  two  latter  zones.  The  terminal  moraine  bounds  the  whole 
on  the  south. 
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The  northern  zone  comprises  the  Medina,  Clinton,  ^NTiagara, 
and  Salina  formations,  dipping  south  at  a  low  angle.  The 
Clinton  and  Niagara  limestones  form  escarpments  facing  north, 
which  are  inconspicuous  in  large  part.     It  is  traversed  by  the 
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A.  Vertical  section   nearly  E.-W.  along  N.  Y.  Central  R.  R ,  nearly  on  Cor- 
niferous  outcrop. 

B.  Vertical  section  near  the  middle  of  each  lake  ;  dotted  lines  show  deficiency 
of  exact  data,  partially  supplied  by  a  few  adjacent  known  points. 

N.  Y.  Central  R.  R  and  the  Erie  Canal  at  very  easy  grades. 
A  portion  along  the  southern  edge  of  this  belt  is  level  and 
free  from  drift-hills  :  north  of  which  the  surface  is  diversified 
by  an  extraordinary  series  of  druinlins,  already  described  by 
Hall  (J!^ew  York  State  Geological  Report  for  4th  Dist.,  1842) 
and  Johnson  ("  Parallel  Drift  Hills  of  Western  New  York ;" 
Annals  of  N.  Y.  Acad,  of  Sci.,  Nov.  9,  1882).  These  are 
stated  by  Hall  to  be  bounded  northerly  by  the  beach  of  the 
ancient  Lake  Iroquois — the  "  Ridge  Road  " — which  runs  a  few 
miles  from  the  shore  of  Lake  Ontario, 

As  compared  with  the  drumlins  of  New  England,  these  are 
of  much  greater  length,  are  relatively  much  narrower,  much 
sharper  at  their  ridges  and  steeper  in  their  side-slope.  Their 
northern  ends  are  very  bluff,  their  southern  ends  gently 
inclined.  Their  axes  lie  nearly  north  and  south,  on  the  whole, 
with  marked  local  differences. 

The  width  of  these  hills  at  top  is  often  sufficient  to  receive 
a  country  road  without  much  leveling,  but  some  would  not  (in 
their  original  state)  admit  the  passage  of  a  single  cart  along 
the  ridge ;  while  in  exceptional  cases  there  are  flat  tops  some 
hundreds  of  feet  in  width. 

The  inclination  to  the  south  is  often  so  gentle  as  to  have  no 
definite  ending;    thus  many  hills  which  begin  northwardly 
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with  well-marked  drumlin-outlines  sink  and  broaden  south- 
wardly into  plains  of  till.  Some,  however,  are  well-defined  at 
both  ends,  and  in  length  fall  within  one-half  or  two-thirds  of  a 
mile.  Johnson  states  that  the  best  developed  ones  ran  two  or 
three  miles,  and  reach  the  height  of  100-200  feet  above  the 
plain ;  that  they  are  highest  and  longest  chiefly  just  south  of 
the  Niagara  escarpment,  though  there  are  a  few  very  high 
ones  more  to  the  south. 

Measurements  of  a  few  of  the  steeper  ones  (kindly  com- 
municated by  Mr.  George  H.  Barton)  show  the  inclination  of 
the  sides  to  be  about  23°,  and  only  exceptionally  25°. 

The  material  of  these  hills  is  a  till,  possessing  the  usual 
characteristics — unless  a  tendency  to  the  formation  of  very 
deep  gullies  (5-15  feet  deep)  on  the  sides  be  considered  excep- 
tional Some  are  covered  very  thickly  with  good-sized  trav- 
eled stones ;  some  with  sand  or  gravel  of  varying  depth.  In 
the  neighborhood  of  Rochester  are  some  of  which  the  nucleus 
is  sand,  till  forming  the  upper  part.  Considerable  kame-de- 
posits  are  associated  with  the  drumlin-belt  at  some  points,  and 
near  Rochester  a  portion  of  the  moraine  traverses  it. 

The  writer's  personal  study  of  this  region  is  limited  to  five 
localities,  and  the  above  statements  are  in  part  drawn  from 
other  sources.  An  excellent  cursory  view  can  be  had  from 
the  car  windows  as  the  traveler  passes  east  from  Rochester  od 
the  main  line  of  the  N.  Y.  Central  R.  R.  via  Lyons  and  Clyde 
to  Syracuse. 

This  belt  of  large  drumlins  practically  comes  to  an  end  at 
the  distance  of  twenty  miles  from  Lake  Ontario.  Then  come 
low  lands,  partly  sandy,  partly  marshy.  Still  farther  south, 
within  the  middle  zone,  the  drumlin-formation  is  resumed,  in 
ridges  of  much  smaller  height,  but  in  considerable  numbers. 
As  this  point  has  not  met  the  writer's  eye  in  print,  attention  is 
here  called  to  it,  and  some  special  observations  are  offered. 

Among  the  drumlins  of  the  second  range  (in  the  middle  belt) 
there  are  some  which  resemble  the  typical  "  lenticular  hill "  of 
New  England.  More,  however,  are  of  the  ridge  variety.  And 
of  the  latter  there  are  many  grades,  from  the  very  well  marked 
ridge  vrith  rather  steep  banks  to  very  low  ridges  which  are 
often  so  low  and  flat  as  to  simulate  terraces.  The  face  of  this 
part  of  the  country  is  laid  out  in  shallow  grooves,  often  pro- 
ducing the  strong  impression  of  "  fluting." 

An  instructive  gronp  of  these  ridges  occurs  in  and  around 
the  town  of  Geneva.  They  are  very  nearly  parallel,  their  axes 
lying  between  10°  and  15°  west  of  north.  The  eastemmost 
skirts  the  lake,  and  is  somewhat  eroded  by  the  waters,  display- 
ing sections  of  till,  with  limited  beds  of  blue  clay  and  "  quick- 
sand."   Its  crest,  on  which  Main  street  is  built,  reaches  a  height 
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of  90  feet  above  the  lake.  The  other  ridges  iocrease  in  absolute 
elevation,  but  not  in  size,  having  an  apparent  height  of  20-50 
feet  above  the  ascending  slope  which  they  cover.  At  some< 
what  over  a  mile  from  the  shore  they  attain  a  height  of  300 
feet  above  the  surface  of  the  lake,  which  corresponds  with  the 
verge  of  the  higher  levels  of  land.  Similar  ridges  are  found 
for  several  miles  farther  west;  sometimes  crossing  the  road 
at  pretty  regular  intervals  of  J  to  ^  mile,  with  elevations 
of  only  a  few  feet ;  at  other  times  forming  hills  with  a  rather 
bold  northern  descent. 

A  distinct  termination  north  and  south  can  generally  be 
traced  in  the  ridges  of  the  Geneva  group,  although  the  ordi- 
nary observer  is  inclined  to  overlook  the  fact.  Their  general 
outline,  their  material,  and  their  tendency  to  steepness  at  the 
north  end,  ally  them  with  the  druralins  of  the  northern  belt 
The  long  ridge  running  west  from  the  end  of  the  lake  is  of 
typical  till,  with  some  large  bowlders,  overlaid  in  part  by 
stratified  sandy  clay. 

In  this  locality,  the  till  evidently  forms  a  continuous  sheet, 
of  which  the  ridges  are  merely  a  surface  irregularity. 

The  slope  of  the  sides  of  the  ridges  is  about  from  2°  to  10° 
at  Geneva,  and  their  crests  are  occasionally  from  100  to  300 
feet  wide. 

The  direction  of  the  ridges  of  till  as  a  whole  is  probably 
similar  to  that  of  the  glacial  striations,  that  is,  convergent  to  a 
northerly  point.  At  Clyde  and  Lyons  (on  the  centrd  axis  of 
the  region)  they  run  a  degree  or  two  west  of  north.  Near 
Uayuga,  about  N.  8°  ^. ;  and  still  further  east,  about  20°  west 
of  north. 

The  till  at  Geneva  is  a  firm  "  hard-pan,"  containing  a  great 
number  of  subangular  striated  stones  of  all  sizes  up  to  three 
feet  in  length.  The  greater  part  of  the  stones  are  from  the 
Corniferous  limestone,  which  is  exposed  just  north  of  the  vil- 
lage. Of  those  representing  more  northern  formations,  many 
are  water-rolled.  The  limestone  fragments  give  a  bluish  tint 
to  the  otherwise  reddish  brown  mass. 

About  three  feet  of  the  upper  part  of  this  till  appears  thor- 
oughly oxidized  and  leached.  This  portion  is  a  red  clay,  dis- 
tinctly contrasted  with  the  gray-blue  till,  and  rather  well 
demarcated.  It  is  of  a  deep  shade,  unstratified,  very  tenacious, 
nearly  free  from  sand  ;  at  times  fiaky,  at  times  tending  to  split 
when  dry  into  rectangular  forms.  It  cuts  with  a  slight  gritti- 
ness  ;  the  surface  is  dotted  with  occasional  specks  of  material 
not  fully  decomposed,  which  may  represent  some  of  the 
myriads  of  little  bits  of  limestone  found  in  the  till.  The 
stones  are  few,  chiefly  such  as  resist  oxidation  (quartzites) ; 
these  correspond  in  appearance  and   amount  with  a  simliar 
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ingredient  of  the  till.  Gneisses  and  schists  are  absent,  or 
badly  rotted.  The  forms  are  characteristic  of  till,  and  in  some 
cases  striation  is  observed.  A  part  of  the  stones  react  feebly 
to  HCl ;  the  clay  does  not  react. 

Midway  of  the  Cayuga  lake  shore,  on  the  east  side,  there  are 
fine  till  sections  which  give  a  similar  result  on  analysis. 

The  same  leaching  of  the  upper  part  has  been  observed  in 
stoneless  sedimentary  clay  of  Geneva.  Absence  of  the  lime- 
reaction  is  stated  to  be  characteristic  of  the  soil  at  the  State 
Agricultural  Station  in  the  same  town. 

At  many  points  on  the  surface  of  the  lower-till  (Drumlin) 
deposits  just  described,  there  is  little  or  none  of  the  englacial 
material  defined  by  TJpham.*  But  where  the  stones  lie  tnickly 
in  the  fields  it  is  necessary  to  suppose  that  they  are  chiefly  of 
englacial  origin ;  for  the  proportion  of  limestone  fragments  in 
such  cases  is  quite  too  small  to  permit  us  to  refer  them  to  the 
lower-till.  This  is  easily  seen  in  the  piles  of  stones  which  the 
farmers  draw  from  the  fields — sometimes  12-20  feet  in  diam- 
eter from  a  100-acre  lot — consisting  mostly  of  gneissoids, 
schists,  and  quartzites,  with  perhaps  one-fifth  corniferous  lime- 
stone, the  lumps  varying  irom  2  to  200  pounds  in  weight. 
The  larger  stones  (bowlders)  carry  out  this  statement ;  they  are 
almost  all  far  traveled  stones.  Large  bowlders  are  not  very 
frequent.  The  largest  within  observation  are  one  of  labrado- 
rite  (7x7  feet),  and  one  of  an  argillaceous  rock  from  the 
Salina  beds  (6x11)  which  is  exceptional  in  having  traveled 
only  5  or  6  miles. 

Stratified  deposits  are  not  infrequent,  however,  upon  the 
drumlin  formation.  Rolled  gravel  is  not  rare,  and  the  kames 
and  osars  deserve  a  fuller  description  than  can  here  be  given. 

On  reaching  the  higher  levels,  west  of  Geneva  or  east  of 
Aurora,  we  often  find  the  surface  sandy.  The  sand  even  takes 
the  form  of  low  hills  and  ridges.  The  deposit  of  tough  lower- 
till,  however,  is  still  found  beneath  the  lignt  top-soil. 

The  thickness  of  the  till-sheet  at  Geneva  is  reported  at  seve- 
ral points  as  20-30  feet.  Sand  lies  beneath  this,  and  still 
lower,  till  again.  At  one  well,  there  was  14  feet  of  sand,  and 
13  feet  or  more  of  the  deeper  till  bed.  Layers  of  vegetable 
matter,  and  blue  clay,  are  also  found. 

In  passing  south  from  the  soft  shales  of  the  Hamilton  group 
to  the  sandy  shales  and  hard  fissile  sandstones  of  the  upper 
Devonian  beds,  we  are  informed  of  the  change  of  bed-rock  by 
the  alteration  in  the  character  of  the  lower-till.  The  latter,  in 
recent  exposures,  may  be  very  tough,  but  is  sandy  rather  than 
clayey.  The  enclosed  stones  are  sandstone,  rarely  limestone. 
Fragments  handsomely  glaciated  occur  as  large  as  three  feet 
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long.  The  field-stones  in  this  region  split,  losing  their  like- 
ness to  till-stones.  Hence  the  "  flat  gi-avel,"  characteristic  of 
the  soil  of  the  hillj  districts. 

The  deltas  of  the  lake  sides  are  among  the  most  conspicuoas 
accumnlations  of  drift  material.  Kising  at  intervals  along  the 
sides  of  the  lakes  and  the  southern  continuations  of  their  val- 
leys, they  attain  by  a  series  of  steps  the  height  of  (?)  400  feet 
above  the  lakes.  Their  strata  contain  many  stones  which  still 
show  half  obliterated  glacial  strise. 

The  remainder  of  this  paper  will  be  devoted  to  certain  points 
of  preglacial  topography  and  drainage,  and  the  associated 
questions  of  amount  of  glacial  corrasion,  and  bulk  of  drift- 
deposit  The  northern  zone,  except  as  specially  designated, 
will  be  omitted  from  consideration. 

The  deposits  of  the  terminal  moraine  are  very  heavy ;  for  a 
description  of  this  feature  the  reader  is  referred  to  the  paper 
on  this  subject  by  Thomas  0.  Chamberlin. 

From  considerable  examination  of  the  country  included 
between  the  four  larger  lakes,  the  writer  has  been  led  to  set  a 
moderate  estimate  upon  the  amount  of  drift,  and  a  very  high 
estimate  upon  the  amount  of  erosion  in  certain  parts. 

The  lakes  are  to  a  great  extent  bordered  by  vertical  cliffs  of 
rock,  with  little  or  no  beach  at  their  foot.  Owing  to  the 
greater  prevalence  of  westerly  winds  the  cliffs  are  best  developed 
on  the  east  side.  In  the  case  of  Cayuga  Lake  this  natural  facil- 
ity is  aided  by  the  presence  of  a  railroad  at  the  water's  edge, 
for  which  in  many  places  the  cliffs  have  had  to  be  cut.  From 
Aurora  southward  for  nearly  20  miles  the  top  of  the  cliff  is 
visible  most  of  the  way,  undulating  in  very  moderate  curves, 
occasionally  rising  50  feet  or  more,  and  at  several  points  sink- 
ing below  the  level  of  the  lake  for  short  distances.  In  the 
latter  case  the  rock  is  exposed  in  brooks  a  few  rods  inland. 
Till  overlies  this  rock,  varying  in  thickness  from  2  to  40  feet. 
The  till  deposits  along  the  east  shore  of  Seneca  lake  are  appar- 
ently not  much  in  excess  of  the  above. 

It  is  probable  that  the  rock-sections  thus  displayed  correctly 
represent  the  general  surface  of  the  region  as  it  would  appear 
if  the  drift  were  removed.  In  some  tracts,  at  all  events,  this 
is  demonstrably  the  case.  In  the  northern  reaches  of  the  lakes, 
hills  of  rock  with  a  very  flat  curve  correspond  with  these  cliffs. 
A  few  examples  may  be  worth  describing.  At  the  foot  of 
Seneca  Lake  on  the  east  side  there  is  a  line  of  cliff  (Marcellus 
shale),  which  rises  gradually  to  a  height  of  25-30  feet  and  ex- 
tends more  than  a  mile.  A  hill-side  rises  directly  from  the 
brow  of  this  cliff  to  the  height  of  about  90  feet ;  mainly  rock 
with  2-20  feet  of  till.  Three  miles  to  the  southward  is  another 
long  shore-cliff  of  rather  greater  height,  the  land  behind  which 
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rises  for  1^  miles  eastward,  reaching  a  height  of  150  (?) 
feet,  and  forming  a  broad-backed  N-S  ridge  of  Hamilton  shale 
covered  with  a  couple  of  feet  of  drift.  A  third  ridge  260  feet 
high,  at  a  similar  interval  to  the  S.E.,  slopes  very  evenly  to  the 
lake  (2i  miles  distant)  over  rock  covered  with  a  very  few  feet 
of  drift ;  in  this  case  no  cliff  is  formed,  the  rock  not  quite  reach- 
ing the  lake.  The  axis  of  this  hill  points  N.  20^-80°  W. 
On  Cayuga  lake,  south  of  Aurora,  there  is  a  hill  300  feet  in 
height,  forming  a  cliff  at  the  lake-side,  two  miles  long  and  one 
mile  across,  with  its  long  axis  directed  N.W.-S.E.,  composed 
of  Hamilton  shale.  The  top  of  this  hill,  for  the  length  of  a 
mile,  forms  a  plateau.  A  smaller  hill  of  Marcellus  shale  lies  1 
miles  to  the  north  of  this. 

In  the  present  state  of  the  question  it  is  admissible  to  sup- 
pose that  these  hills  may  be  remnants  of  preglacial  hills  of 
bolder  outline.  The  fact  that  they  lie  parallel  to  the  lake  need 
not  militate  against  this  view,  since  the  old  valleys  of  the 
region — farther  south  than  the  hills  described — unite  with  the 
lakes  and  with  each  other  at  very  acute  angles. 

The  hills  may  constitute  a  very  insignificant  remnant  of  old 
hills ;  or  may  even  have  been  carved  out  de  novo  from  rock 
which  occupied  levels  below  the  roots  of  their  predecessoi-s. 
In  other  words,  the  corrasion  at  the  latitudes  of  Geneva  and 
Auburn  may  have  removed  one  hundred  or  several  hundred 
feet.  Definite  evidence  limiting  these  estimates  is  not  before 
me.  Apart,  however,  from  the  numerical  estimate,  it  is  interest- 
ing to  note  the  parallelism  between  the  axes  of  these  hills  and 
those  of  the  drumlins  which  are  found  close  by.  Their  mate- 
rial, a  soft  shale,  yields  readily  to  force  applied  horizontally, 
and  it  is  not  beyond  the  province  of  legitimate  speculation  to 
suggest  that  their  forms  may  have  been  carved  at  the  same 
time  and  in  similar  circumstances  with  the  drumlins.  Their 
bluffer  northern  sides,  and  their  exceedingly  gentle  southern 
slopes,  add  much  to  the  likeness. 

A  system  of  small  valleys  for  local  drainage,  opening  lake- 
ward,  doubtless  existed  before  glaciation.  We  can  point  to  no 
surviving  representatives  of  these  valleys  at  the  lake  level  nnless 
the  slight  depressions  in  the  cliff  line  be  taken  as  such.  These 
descending  curves  run  but  a  short  distance  below  the  lake  level, 
and  represent  but  slight  inward  bends  of  the  rock-shore.  If  the 
lake  were  drained,  the  present  mouths  of  the  brooks  flowing  in 
these  hollows  would  be  a  mile  from  the  main  stream  which 
presumably  occupied  the  axis  of  the  valley.  In  going  this 
mile  they  would  fall  from  300  to  600  feet.  Sucn  streams 
must  have  cut  deep  and  wide  gorges  extending  far  inland. 
How  deep  some  of  these  would  have  been  at  parts  of  the  lake 
where  the  shores  are  bolder,  may  be  estimated  by  considering 
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that  the  land  at  the  upper  part  of  Seneca  lake  rises  in  six  miles 
to  upland  pastures  nearly  2000  feet  above  the  bed  of  the  lake.* 
The  continuity  of  cliffs  for  15  miles  along  the  west  coast  near 
Watkins,  and  the  frequency  of  rock  exposures  on  the  high 
lands,  forbid  the  belief  that  such  gorges  exist. 
The  inference  from   these   considerations   is  that  the  pre- 

flacial  river  which  has  been  developed  into  Seneca  lake  must 
ave  occupied  a  level  many  hundreds  of  feet  above  the  present 
bed  of  the  lake. 

Some  drift-buried  valleys  certainly  exist.  One  such,  prob- 
ably with  a  meridional  course,  seems  to  lie  to  the  east  of  Aurora, 
where  two  E.-W.  ravines  appear  to  cut  it,  one  of  which  ex- 
hibits a  till-section  100  feet  thick,  with  bottom  not  reached. 
However  this  be,  there  still  exists  a  large  system  of  valleys, 
with  banks  several  hundred  feet  hiffh,  subsidiary  to  the  lake 
valleys  and  in  several  places  communicating  with  them.  These 
valleys  are  rock-cut,  and  often  show  rocky  bottoms ;  they  run 
mainly  parallel  to  the  lakes,  but  occasionally  branch  in  a  trans- 
verse direction.  They  run  straight  through  the  line  of  terminal 
moraine.  Their  trough -like  aspect  north  of  the  moraine  points 
to  probable  widening  and  deepening,  as  in  the  case  of  their 
much  bigger  brothers,  the  lakes. 

As  an  illustration,  take  the  large  valley,  20  miles  long,  enter- 
ing Cayuga  lake  6  miles  north  of  Ithaca.  It  is  cumbered  with 
some  drift,  but  its  walls  rise  400  -feet  above  its  bed,  in  full 
sight  from  the  lake. 

Perhaps  the  case  of  certain  upland  valleys  will  add  con- 
firmation to  these  views.  East  of  Watkins  there  is  a  system 
of  these  at  400-600  feet  above  the  lake.  The  main  drainage 
of  this  system  is  at  present  southward,  but  it  communicates 
with  the  Seneca  valley  by  two  wide  gaps,  allowing  several 
short  streams  to  enter  the  lake,  which  they  do  by  a  sudden 
plunge — one  of  them  cutting  the  beautiful  Havana  glen  in  its 
descent  These  streams  must  have  fallen  1,000  feet  in  three 
miles  in  order  to  have  reached. the  Seneca  valley  bottom  at  its 
present  level.  In  like  manner  the  stream  which  has  excavated 
the  celebrated  Watkins  Glen  descends  about  500  feet  in  its 
last  mile  through  a  canyon  with  vertical  walls,  while  its  upper 
five  miles  are  mostly  in  an  old  valley  with  moderate  grades. 

Again,  Dundee,  situated  three  miles  from  the  west  shore 
and  ten  miles  north  of  Watkins,  stands  600  feet  above  Seneca 
lake.  It  occupies  a  site  apparently  near  the  mouth  of  an  old 
valley,  bounded  by  rock-hills  from  300  to  400  feet  high,  and 
displaying  a  rocky  bottom  in  the  stream  at  Dundee.  The 
valley  has  four  or  five  branches,  extending  six  miles  above  the 

•Seneca  lake  bottom  is  177  feet  below  tide;  high  points  W.  of  Watkins,  near 
2100  feet  above  tide. 
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village  in  several  directions,  with  very  moderate  grades.  la 
the  direction  of  the  lake  the  valley-sides  become  lower,  and 
the  valley  itself  disappears^  debouching  upon  the  lake  side  at 
an  imaginary  plane  in  mid-air.  From  this  point  the  lake-side 
descends  smoothly  and  rapidly,  while  the  stream,  with  many 
cascades,  falls  500  feet  in  two  miles. 

If  these  valleys,  or  any  of  them,  had  a  preglacial  existence, 
and  a  rational  connection  with  the  lake  valley,  it  would  seem 
necessary  to  suppose  that  the  bed  of  the  latter  then  stood  at 
an  elevation  800  (?)  feet  higher  than  at  present.  K  they 
drained  away  from  the  lake,  they  would  soon  have  been  cut 
down  by  robber-streams  falling  into  the  Seneca  valley.  The 
present  Chemung  river  valley,  which  would  be  the  southerly 
exit,  is  1200  feet  higher  than  Seneca  valley  floor. 

The  trough  of  the  present  lake  runs  straight  south  from 
Watkins  to  the  open  valley  about  Elmira,  22  miles  distant. 
The  present  bottom  of  the  lake  is  1,000  feet  below  the  river  at 
Elmira ;  a  discrepancy  which  may  be  harmonized  bv  either  of 
two  hypotheses, — glacial  erosion  of  the  lake  bed,  and  fillingof  the 
valley  at  Elmira  with  overwash  from  the  moraine.  That  the 
truth  is  a  composite  of  both,  seems  very  probable. 

The  belief  that  the  lakes  are  deeply  gouged  by  ice  is  con- 
sistent with  the  fact  that  their  deptli  (in  the  case  of  the  two 
largest)  is  much  the  greatest  in  the  southern  third.  Con- 
sidered relatively  to  the  glacial  movement,  this  is  the  down- 
ward part,  and  the  fact  agrees  with  Geikie's  statements 
regarding  the  rock  cut  lochs  of  western  Scotland,  which  form 
basins,  deepest  toward  their  outlet.  The  section  of  Seneca 
lake  along  its  axis  is  like  that  of  an  elongated  tablespoon, 
pointed  to  the  north.  But  until  we  know  more  about  the 
depth  of  alluvial  and  drift  deposit  at  the  ends  of  the  lakes, 
this  consideration  may  be  waived.  It  is  nearly  certain,  how- 
ever, that  the  lake  bed  is  not  more  than  300  feet  deep  at 
Geneva  where  the  apparent  depth  is  40  feet. 

The  direction  of  preglacial  drainage  may  perhaps  be  inferred 
from  the  considerable  and  continuous  slope  of  the  land  toward 
Lake  Ontario.  The  height  of  land  between  this  slope  and 
that  toward  the  Susquehanna  system  is  near  the  south  ends  of 
the  lakes,  and  it  does  not  seem  necessary  to  suppose  that  it 
was  formerly  placed  much  farther  to  the  north.  Such  valleys 
as  Seneca  may  have  had  their  divide  near  the  southern  ends 
of  the  present  lakes.  A  number  of  btreams  seem  to  have 
run  southward  across  the  divide ;  of  which  Keuka  lake,  and 
much  of  the  distribution  of  the  valleys  about  Canaudaigua 
and  Owasco  lakes,  offer  strong  suggestions. 

Few  borings  have  been  made  north  of  the  lakes,  and  it  is 
not  advantageous  to  speculate  upon  a  possible  outlet  for  the 
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north-flowing  streams.  The  lowlands  north  of  Caynca  lake 
(Montezuma  marshes)  offer  a  very  slight  barrier  to  such  a  dis- 
char^.  It  is  worth  noting  that  a  boring  made  at  Geneva,  at 
the  Take  side,  encountered  obstacles  from  bowlders  at  about 
100  feet,  and  struck  no  true  rock  until  240  feet  below  the 
water  line.  A  valley  three  miles  wide  between  existing  rock- 
exposures,  and  300  feet  deeper  than  the  present  lake  surface, 
apparently  opening  to  the  north,  is  indicated  at  Geneva :  some 
of  this  depth  may  be  ascribed  to  glacial  action. 


Section  of  Channel  of  Wisconsin  River  (Report  of  U.S.  Geol.  Sur.,  VI,  p.  230) 
partially  filled  with  river-gravel ;  compared  with  that  of  Seneca  Lake  at  deepest 
point.  The  latter  section  is  adapted  to  scale  from  that  given  on  the  map  pub- 
lished by  Oomell  University;  the  doited  slope  of  bank  is  obtained  from  contour- 
lines  of  map.     Ratio  of  vertical  to  horizontal  scale  nearly  =  10  :  1. 

The  accompanying  cut  is  given  to  show  the  contrast  between 
the  much-glaciated  banks  of  Seneca  Lake,  with  thin  sm.ooth 

fen  tie  curve  leading  to  the  upland  levels,  and  the  unglaciated 
anks  of  the  Wisconsin  River,  falling  at  a  sharp  angle  from 
the  level  of  the  plain  in  which  the  valley  Is  cut.  The  section 
is  from  one  of  the  narrower  parts  of  the  river,  in  its  course 
through  the  non-glaciated  region.  The  river  valley  is  filled  to 
an  unknown  but  considerable  depth  with  material  brought 
from  glaciated  territory.  The  lake  valley,  judging  from  the 
outline  given,  is  free  from  heavy  glacial  or  postglacial  deposits 
for  many  miles ;  its  ends,  however,  are  deeply  tilled. 


Abt.  XXXIX. — On  Certain  Points  m  the  Interaction  ^Po- 
tassium Permanganate  and  /Sulphuric  Acid/  by  F.  A. 
GoocH  and  E.  W.  Danker. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XVII.] 

Is  an  article  published  some  years  ago  by  Mr.  Francis 
Jones*  upon  the  action  of  reducing  agents  upon  potassium 
permanganate  the  statement  is  made  that  in  the  interaction  of 

*  Jour.  Chem.  Soc,  xxxiii  (1878),  p.  95. 


Digitized  by  VjOOQIC 


302      Gooch  and  Danner — Points  in  the  Interaction  of 

oxalic  acid  and  the  permanganate  in  whatever  way  the  condi- 
tions were  varied — whether  there  was  excess  of  oxalic  acid  or 
of  permanganate,  whether  the  solutions  were  strong  or  dilate, 
whether  acid  was  present  or  not — in  every  case  oxygen  was 
obtained  as  a  product  of  the  reaction.  The  action  between 
the  permanganate  and  ferrous  salts,  in  presence  or  absence  of 
acids,  in  dilute  or  strong  solutions,  was  said  to  yield  oxygen 
similarly.  In  the  discussion  which  followed  the  reading  of 
this  paper  before  the  Chemical  Society  (London)  some  adverse 
comment  seems  to  have  been  .developed.* 

More  recently,t  in  developing  nis  excellent  volumetric 
methods  for  the  estimation  of  tellurium,  Professor  B.  Brauner 
has  noticed  a  similar  effect  in  the  action  of  potassium  per- 
man^nate  upon  tellurous  oxide  dissolved  in  sulphuric  acid, 
and  lias  shown,  further,  that  in  this  particular  case  the  evolu- 
tion of  oxygen  is  proportional  to  the  amount  of  sulphuric 
acid  employed,  and  that  in  working  with  alkaline  solutions 
little  evidence  of  such  action  appears. 

The  production  of  permanganic  acid,  and  secondarily  of 
free  oxygen  and  ozone,  by  the  action  of  strong  sulphuric  acid 
upon  a  permanganate  is  one  of  the  commonest  of  phenomena, 
and  the  formation  of  a  precipitate  consisting  largely  of 
hydrated  manganese  dioxide  by  the  action  of  hot  dilute  sul- 
phuric acid  upon  the  permanganate  in  aqueous  solution  is 
likewise  well-known.  It  seemed  desirable  to  us,  therefore,  to 
study, further  the  action  of  sulphuric  acid  of  different  strengths 
upon  the  permanganate  in  solution,  with  a  view  to  determin- 
ing how  far  such  action  may  be  responsible  directly  or  indi- 
rectly for  the  liberation  of  free  oxygen  in  oxidations  brought 
about  in  the  presence  of  the  acid.  In  the  first  set  of  experi- 
ments directed  to  this  end  we  determined  the  amount  of  potas- 
sium permanganate  remaining  after  exposure  to  the  action  of 
sulphuric  acid  during  different  intervals  of  time  and  under 
varying  conditions  of  strength  and  temperature.  The  per- 
manganate was  used  in  approximately  decinormal  solutions 
(3-16  grms.  to  the  liter)  the  exact  strength  of  which  was 
determined  relatively  to  an  approximately  decinormal  solution 
of  oxalic  acid.  In  fixing  the  standard  small  portions  (usually 
10  cm')  of  the  oxalic  acii  were  diluted  to  a  volume  of  100  cm* 
by  means  of  sulphuric  acid  of  two  per  cent  strength  by  vol- 
ume, the  solution  was  heated  to  70°  C.  or  80°  C.,  and  the 
permanganate  was  added  as  usual  until  the  first  permanent 
blush  of  color  appeared. 

The  general  mode  of  proceeding  in  the  test  experiments 
was,  in  brief,  to  mix  the  solution  of  permanganate  with  the  sul- 

*Ber.  d.  d.  Chem.  Gesell.,  1878,  p.  257. 
t  Jour.  Chem.  Soc,  1891,  p.  238. 
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phuric  acid  (always  previously  diluted  with  an  equal  volume  of 
water,  and  cooled)  and,  after  the  lapse  of  time  indicated  to 
add  oxalic  acid  in  quantity  a  little  more  than  sufficient  to 
bleach  the  entire  amount  of  permanganate,  warm  to  about  80® 
C,  and  titrate  the  residual  oxalic  acid  by  gradual  addition  of 
more  permanganate.  The  difference  between  the  amount  of 
permanganate  needed  under  the  conditions  to  destroy  the 
known  amount  of  oxalic  acid  and  that  used  in  the  determina- 
tion of  the  standard  should  measure  the  oxygen  lost  by  the 
permanganate  under  the  action  of  the  sulphuric  acid.  The 
results  and  details  of  these  experiments  are  given  below. 

Table  I. 


H,SO« 
cm* 

Water, 
cm' 

Percentage  of 
KaMnaOs        H,S04  [1 :  1] 
in  deoiuormal       in  solution 
solution.       during  action, 
cm* 
A. 
Treated  immediately. 

Percentage  of 

KnMnaOg 
used  as  com- 
pared with  that 
required  by  theory, 
cm' 

2 

8 

10                     JO 

100 

4 

6 

10                     20 

100 

6 

4 

10                     30 

101-5 

8 

2 

10                     40 

101-6 

10 

-- 

10                     50 

101-9 

a. 
Treated  after  btanding  eight  hours  at  ordinary  temperature. 

2 

8 

10                     10 

09-7 

4 

6 

10                     20 

99-7 

6. 

4 

10                     30 

101-3 

8 

2 

10                     40 

105-3 

10 

-- 

10                     50 

il5-7 

Treated  after  i 

C. 
standing  five  days  at  ordinary  temperature. 

2 

8 

10                      10 

104 

4 

6 

10                     20 

121-6 

6 

4 

10                     30 

149-7 

8 

2 

10                     40 

155-9 

10 

-- 

10                     50 

156-4 

Treated  after  standing  one  and  one-half  hours  at  SO^-SO"  C. 

2 

8 

10                     10 

101-3 

4 

6 

10                     20 

143-8 

6 

4 

10                     30 

135-9 

8 

2 

10                     40 

149-1 

10 

10                     50 

155-3 

It  is  manifest  from  an  inspection  of  Table  I  that  the  de- 
composition of  the  permanganate  increases  directly  in  each 
series  of  experiments  with  the  increase  in  the  proportion  of 
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sulphuric  acid,  that  the  amount  of  decompoeition  is  greater  as 
the  time  of  action  is  extended,  and  that  increase  of  tempera- 
ture heightens  the  change.  We  note  in  particular,  for  exam- 
ple, that  the  presence  of  ten  per  cent  of  [1 : 1]  sulphuric  acid 
induces  at  the  ordinary  temperature  no  immediate  decomposi- 
tion of  the  permanganate,  none  in  eight  hours,  and  a  breakiog 
down  amounting  to  four  per  cent  in  live  days ;  and  that  the 
presence  of  fifty  per  cent  of  acid  of  the  same  strength  occa- 
sions the  decomposition  of  about  two  per  cent  at  once,  fifteen 
per  cent  in  eight  hours,  and  more  than  half  the  entire  amount 
of  permanganate  in  the  course  of  five  days.  It  is  evident 
also  that  twenty  per  cent  of  the  [1 : 1]  acid  produces  no 
appreciable  eflEect  at  ordinary  temperatures  and  under  expo- 
sures of  a  few  hours  only.  The  effect  of  heating  the  mixture 
of  acid  and  permanganate  to  80°  C.  for  an  hour  and  a  half 
is  closely  comparable  with  that  brought  about  by  the  five  days 
action  at  the  ordinary  temperature. 

In  another  series  of  similar  experiments,  the  detailed  record 
of  which  we  omit  as  unnecessaiy,  the  absolute  amounts  of 
liquid  and  acid  were  increased  while  the  proportion  of  the 
latter  to  the  whole  volume  of  the  former  was  preserved.  ^  The 
volume  of  the  liquid  containing  the  acid  and  permanganate 
was  fixed  at  100  cm'  and  the  absolute  amounts  of  acid  were 
taken  five  times  as  great  as  those  used  at  corresponding  points 
of  the  preceding  series.  The  amounts  of  decomposition  ob- 
served m  these  experiments  followed  those  of  the  first  series 
so  closely  as  to  compel  the  conclusion  that  it  is  the  proportion 
of  acid  present  rather  than  the  absolute  amount  wnich  is 
chiefly  influential  in  the  decomposition  of  the  permanganate 
under  given  conditions.  In  still  another  series  of  experiments 
which  differed  from  the  last  in  the  single,  point  that  the 
amount  of  permanganate  used  was  increased  five-fold  no  appre- 
ciable differences  in  effect  which  might  be  traced  to  such 
extra  use  of  permanganate  were  discoverable. 

It  is,  of  course,  possible,  and  even  probable,  that  some 
decomposition  of  the  permanganate  by  the  sulphuric  acid 
might  be  brought  about  after  the  addition  of  the  oxalic  acid 
during  the  warming  of  the  mixture  up  to  the  tenaperature  at 
which  the  oxalic  acid  and  permanganate  interact.  The  experi- 
ments of  Table  II  were  therefore  undertaken  to  test  this 
point.  In  them  oxalic  acid  was  replaced  by  a  solution  of  fer- 
rous sulphate  in  order  to  secure  the  removal  of  the  residual 
permanganate  at  ordinary  temperatures.  The  greatest  care 
was  taken  to  guard  against  atmospheric  oxidation  during  the 
course  of  the  experiment.  The  solution  of  ferrous  sulphate 
was  standardized  before  and  after  making  the  test  experiments 
and  found  to  be  unchanged  during  the  period  of  work.    In 
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the  first  five  experiments  of  series  B  the  proportions  of  acid 
and  liquid  of  series  A  were  preserved  while  the  absolute  vol- 
umes were  increased;  in  the  last  four  experiments  the  range 
of  variation  in  proportions  was  extended. 

Table  II. 


H.SO, 
[1:1] 

Water. 

Percentajfe  of 
K,Md,Oh  in       H,S04  [1 :  1] 
deciuormal         iu  solution 
solution.        during  action. 

Percentage  of 

K,Mn,0,  used 

as  compared 

with  that  required 

by  theory. 

cm* 

cm* 

cm* 
A. 
Treated  at  onoe. 

2 

8 

10 

10 

100 

4 

6 

10 

20 

100-2 

6 

4 

10 

30 

100-1 

8 

2 

10 

40 

100-1 

10 

10 
Treated  at  once. 

50 

100-3 

10 

80 

10 

10 

100-1 

20 

10 

10 

20 

100-1 

30 

60 

10 

30 

100- 

40 

50 

10 

40 

100-5 

60 

40 

10 

50 

101-3 

60 

30 

10 

60 

103- 

70 

20 

10 

70 

105- 

80 

10 

10 

80 

103-8 

90 

10 

90 

108-1 

The  results  of  these  experiments  indicate,  as  was  antici- 
pated, that  rather  less  decomposition  of  permanganate  is 
caused  by  the  sulphuric  acid  when  the  reduction  of  the  re- 
sidual permanganate  is  effected  at  ordinary  temperatures.  The 
increase  in  the  amount  of  decomposition  as  the  proportions  of 
sulphuric  acid  [1 : 1]  present  are  pushed  beyond  fifty  per  cent 
of  the  liquid  is  striking. 

We  have  studied  these  same  phenomena  still  further,  vary- 
ing, however,  the  mode  of  proceeding  so  as  to  observe  and 
measure  the  gas  evolved  from  the  liquid  as  Jones*  and  Brauner* 
did  in  their  individual  investigations  of  the  evolution  of  oxy- 
gen during  oxidations.  In  these  experiments  tubes  of  suitable 
size  and  length,  holding  from  100  cm'  to  200  cm',  were  sealed 
at  one  end,  filled  completely  with  the  mixtures  of  acid  and 
permanganate,  inverted,  and  allowed  to  stand  with  the  lower 
and  open  end  submerged  in  liquid  of  the  exact  composition  of 
that  which  filled  them.  The  details  and  results  of  these 
experiments  are  recorded  in  Table  III. 


*  loc.  cit. 
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Table  III. 


A. 


H8S04[1 :  1]  =  50  per  cent. 


Time 
elapsed. 

5  min. 

1  hour. 

1  day. 

3  days. 

4  *' 

7  " 

8  " 

16    " 

n    " 

35 


Gas  from 
ICO  cm*. 

01  cm» 
l-l    •• 


14- 
15  3 
15-6 

16 

17-3 
17-4 
17  6 


Appearauce. 

No  change. 

No  change. 

Red  brown. 

Light  brown, 
it  (i 

Brown,  turbid. 
\  Clearing  by  predpi- 
( tation. 

Clear,  straw-colored. 


B. 
H9S0«[1 :  1]  =  26  per  cent. 
Gas  from 
100  cm*.  Appearance. 

Small  bubble.      No  change. 


9-6  cm* 
15-1    " 

18       " 
18-4    " 


{Reddish  purple. 
Turbid. 
{  Reddish  pink. 
<  Clearing  by  pre- 
( cipitatioQ. 
Nearly  clear. 

J  Clear  and  color- 
\  less. 


1  hour. 

1  day. 

3  days. 
14    '♦ 
37    " 
44    " 


HaS04[l :  1]  =  12-5  per  cent 

Small  bubble.        No  change. 
Bubble.  "        " 

Bubble  larger. 


7-1  cm* 

11-  " 

12-  " 


Color  lighter. 


H,S04[1 :  1]  =  6-26  per  cent 
No  change. 


Small  bubble. 
Bubble. 
Bubble  larger. 
1  cm* 
3   " 
5   " 


Little  change. 


The  full  amount  of  permauganate  present  in  100  cm"  of 
each  mixture  should,  if  reduced  to  the  lowest  condition  of  oxi- 
dation, be  capable  of  liberating  about  28*6  cm*  of  oxygen, 
and  every  cubic  centimeter  of  gas  collected  corresponds  to 
3'5  per  cent  of  the  entire  quantity  of  available  oxygen.  In 
comparing  the  amount  of  gas  liberated  at  once  by  60  per  cent 
sulphuric  acid  [1 : 1]  (Table  III,  A)  with  the  amount  of  reduc- 
tion of  the  permanganate  indicated  under  similar  conditions 
(Table  I,  A)  it  appears  that  less  than  one-fifth  (0-35  per  cent) 
of  the  available  oxygen  of  the  permanganate  which  disap- 
pears in  the  action  escapes  solution  and  appears  in  free  form. 
When,  however,  the  comparison  is  made  between  the  amount 
of  gas  liberated  after  four  or  five  days  (about  56  per  cent  of 
the  total  available  oxygen)  and  the  amount  of  reduction  of 
the  permanganate  during  a  similar  interval  (Table  I,  C)  the 
agreement  is  fairly  close — within  one  or  two  per  cent — ^the 
proportion  of  oxygen  which  goes  to  saturate  the  liquid  being 
small  relatively  to  the  large  absolute  amonnt.  It  would  seem 
to  be  evident  that  during  this  interval  the  breaking  up  of  the 
permanganate  resulted  chiefly  in  its  reduction  to  the  lowest 
form  of  oxidation.  After  the  seventh  day  in  Exp.  A,  when 
a  precipitate  began  to  appear,  comparatively  little  oxygen  was 
set  free ;  and  on  the  thirty-fifth  day,  when  the  precipitation 
had  ceased  and  the  remaining  liquid  was  straw-colored  the 
amount  of  gas  collected  corresponded  to  about  61  per  cent  of 
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the  available  oxygen  of  the  permaDganate.  The  remaining 
39  per  cent  must  have  gone  with  the  precipitated  oxide  or 
have  remained  in  solution  as  a  higher  sulphate.  That  but 
little  of  the  higher  sulphate  did  remain,  however,  is  shown  by 
comparison  of  A  with  B,  in  which  after  thirty-five  days  the 
liquid  was  entirely  bleached.  The  gas  finally  set  free  in  B 
amounted  to  64-4  per  cent  of  the  available  oxygen  of  the 
permanganate,  and  the  remainder,  35*6  per  cent,  would  be 
enough  to  throw  down  about  90  per  cent  of  the  entire  amount 
of  manganese  in  the  permanganate  in  the  degree  of  oxidation 
of  MnO,.  It  is  noteworthy  that  the  stronger  acid,  60  per 
cent  [1 : 1'J,  still  held  some  of  the  higher  oxide  in  solution 
until  the  end,  and  that  the  acid  of  25  per  cent  [1 : 1]  allowed 
the  decomposition  to  pass  to  completion  in  thirty-five  days, 
while  the  smaller  amounts  of  acid,  12*5  per  cent  [1 : 1]  and 
6*25  per  cent  [1 : 1],  brought  about  in  forty-four  days  decom- 
position amounting  respectively  to  42  per  cent  and  17*5  per 
cent  respectively. 


Table  IV. 

Percentage 

Time  elapsed. 

Percentage 

of 



Df  KaMn»08 

HaSO. 

[1:1] 

Iday, 

2  days, 

3  days,         4  days, 

6  days,    decomposed. 

10 

Color 

Color 

1      Color      1      Color 

:      Color 

unchanged,  unchanged. 

unchanged,  .unchanged.  |unchanged. 

1     103-6 

1                          Slight 

'     Slight 

1 

sediment. 

1 

1 

1  sediment. 
'     Slight 
'      scum. 

! 

20 

1 

"        "     1 

4t             ii 

1     (i        ii 

Color 

1      Color 

107-4 

unchanged,  unchanged. 

1 

Slight 

1     Slight 

j 

' 

, 

sediment. 

sediment. 

1 

30 

((             c 

(i             (( 

1     (t        {i 

Reddish 
tinge. 
Slight 

sediment. 

Reddish 
tinge. 

'     106  9 

40 

it          (1 

(t             (t 

iTingedwith     Reddish 
reddish         brown. 
1     brown. 

Reddish 
brown. 

139-2 

50 

(t          (( 

it             i( 

Reddish        Reddish 
brown.          brown. 

Red 
brown. 

167-4 

60 

' 

Color 

Color 

1    Reddish   '     Sherry 

Reddish 

'     158-9 

redder. 

redder. 

brown.         brown. 

olive. 

70 

1 

li        t( 

t»        t> 

!     Sherry         Reddish 

Reddish 

1611 

1     brown.          olive. 

olive. 

'                                                            ; 

It  seemed  to  be  desirable  in  this  connection  to  make  the 
experiments  detailed  in  Table  IV,  in  which  note  is  made  of 
changes  in  color  and  formation  of  precipitates  in  100  cm*  por- 
tions of  liquid  containing  10  cm'  oi  decinormal  permanganate 
and  varying  proportions  of  acid  during  five  days'  standing. 
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the  degree  of  decomposition  of  the  permanganate  being  finally 
determined,  as  in  the  experiments  of  Tables  I  and  II,  by  add- 
ing a  small  excess  of  oxalic  acid  to  those  mixtures  contained 
in  Erlenmeyer  flasks,  heating  to  about  80°  C,  and  titrating 
with  permanganate  the  residual  oxalic  acid. 

In  the  first  five  experiments  little  change  of  tint  was  noted 
upon  the  addition  of  the  oxalic  acid  to  the  cold  solution,  bat 
in  the  last  two  experiments  the  reddish  olive  color  became  at 
once  distinctly  red — presumably  because  the  higher  sulphate 
of  manganese  was  attacked  in  the  cold  by  the  oxalic  acid  (a£ 
Brauner  has  shown)  and  so  the  natural  color  of  the  permanga- 
nate was  permitted  to  assert  itself.  The  extreme  decomposi- 
tion— that  which  took  place  in  the  last  experiment,  in  wnich 
70  per  cent  of  the  [1  : 1]  acid  was  present — correspondfi 
nearly  to  the  reduction  of  the  entire  amount  of  permanganate 
present  to  the  condition  of  oxidation  of  MnO,  which  is  known 
to  exist  in  combination  with  sulphuric  acid  in  the  form  of  a 
higher  manganic  sulphate.  It  is  to  be  noted  that  the  separa- 
tion of  the  insoluble  higher  oxide  took  place  only  when  the 
percentage  of  acid  was  low. 

It  appears  therefore,  in  brief,  that  when  potassium  per- 
manganate and  sulphuric  acid  are  brought  into  solution 
together  under  the  conditions  which  we  have  studied  there  is 
developed  a  tendency  toward  reduction  on  the  part  of  the 
former  which  is  the  greater  as  the  strength  of  the  acid  is 
increased,  as  the  temperature  is  raised,  and  as  the  duration  of 
action  is  extended.  It  appears  further,  at  least  when  the  acid 
is  not  present  in  proportion  greater  than  50  per  cent  of  the 
[1 : 1]  mixture,  that  in  the  early  stages  of  the  action  the  oxygen 
lost  to  the  permanganate  is  liberated,  and  that  later  on  the 
decomposition  of  the  permanganate  results  in  the  precipitation 
of  manganese  in  the  form  of  a  higher  oxide  or  m  the  reten- 
tion of  the  manganese  in  solution  in  the  form  of  a  higher  sul- 
phate. It  is  natural  to  suppose  that  the  first  effect  of  the 
mutual  action  of  the  acid  and  the  permanganate  is  to  set  free 
permanganic  acid,  which,  being  unstable,  breaks  up  with  the 
results  described. 

The  bearing  of  these  observations  and  inferences  upon  the 
question  of  tne  action  of  potassium  permanganate  during 
oxidations  carried  on  in  the  presence  of  sulphuric  acid  is  obvi- 
ous ;  for,  if  the  aqueous  acid  is  able  to  liberate  permanganic 
acid  in  such  proportions  as  to  be  spontaneously  unstable,,  it  is 
reasonable  to  presume  that  any  reducing  substance  present  at 
the  time  of  such  action  may,  by  virtue  of  its  attractive  action 
upon  the  oxygen  of  many  more  molecules  of  the  permanganic 
acid  than  would  be  necessary  to  supply  the  exact  amount 
needed   for  perfect  oxidation,   tend   to  increase  the  general 
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instability  of  the  already  unstable  molecules  and  so  set  up  a 
far-reaching  decomposition.  It  seems  to  us  that  these  consid- 
erations throw  some  light  upon  the  phenomena  observed  by 
Brauner*  in  the  oxidation  of  tellurous  oxide  in  presence  of 
sulphuric  acid ;  and  the  fact  that  the  liberation  of  free  oxygen 
in  this  special  case  is  more  noticeable  than  in  the  oxidation  of 
ferrous  salts  or  oxalic  acid,  for  example,  is  explicable  in  the 
light  of  Brauner's  observation  that  the  attraction  of  tellurous 
oxide  for  oxygen  is  greatly  inferior  to  that  of  these  substances 
— ^not  suflBicient,  in  fact,  to  break  up  so  unstable  a  substance  as 
manganic  sulphate,  which  is  at  once  reduced  by  ferrous  salts 
or  oxalic  acid.  The  practical  lesson  to  be  drawn  is  the  desira- 
bility of  keeping  the  acid  present  in  oxidations  effected  by  the 
agency  of  permanganate  at  the  lowest  limit  consistent  with 
perfect  oxidation. 

In  Table  V  are  recorded  the  results  of  a  comparison  made 
between  Brauner's  two  excellent  methods  for  the  determina- 
tion of  tellurous  oxide  by  titration  with  potassium  permanga- 
nate— the  one  in  alkaline  solution,  the  other  in  acid  solution — 
in  which  the  precaution  suggested  as  to  the  restriction  of  the 
amount  of  acid  which  should  be  present  was  taken.  The 
tellurous  oxide  used  in  these  experiments  was  prepared  for  the 
so-called  pure  crystallized  element  by  oxidation  with  nitric 
acid  and  the  prepared  and  ignited  oxide  was  dissolved  in  potas- 
sium hydroxide. 

In  series  A  the  alkaline  solution  of  the  oxide  was  diluted  to 
100  cm',  potassium  permanganate  was  added  in  excess,  sul- 
phuric acid  [1 : 1]  was  introduced  to  an  amount  not  exceeding 
by  more  than  5  cm'  that  needed  for  neutralization,  oxalic  acid 
was  added  in  excess  of  the  amount  needed  to  destroy  the  man- 
ganic oxide  and  permanganate,  the  liquid  was  warmed  to  about 
80*  C,  and  the  surplus  of  oxalic  acid  was  titrated  by  perman- 
ganate. 

In  series  B  the  alkaline  solution  of  the  oxide  was  treated 
with  sulphuric  acid  [1 : 1]  until  the  precipitate  first  thrown 
down  was  just  redissolved,  and  1  cm*  of  the  same  acid  was 
added  in  excess.  Permanganate  was  added  in  excess  and  oxalic 
acid  in  excess  of  the  permanganate,  the  liquid  was  warmed, 
and  titration  by  permanganate  to  the  final  reaction  was  com- 
pleted as  usual.  In  the  calculation  of  the  results  the  atomic 
weight  of  tellurium  used  by  Brauner  in  his  workf  was  adopted 
and  the  figures  obtained  correspond  fairly  well  (without  the 
application  of  any  correction)  with  theory  based  upon  this 
assumption.  Our  purpose,  however,  was  simply  to  test  the 
agreement  between  titrations  made  in  alkaline  solution  and 
those  carried  out  in  acid  solution. 

*  loc.  cit.  t  ^oc-  cit-i  P-  240. 
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(2) 
(3) 
(4) 
(5) 
(6) 


(2) 
(3) 
(4) 
(5) 
(6) 


TeOs  taken. 
0-1200  grm. 
0-0783  " 
0-0931  '' 
0-1 100  ** 
0-0904  " 
0-1066     '* 

TeOa  taken. 
0'0910  grm. 
0-0910  " 
0-0911  '• 
0-0913  '' 
0-0912  " 
0-0914     " 


Table  T. 
A. 
TeOa  found. 
01 199  grm 
0-0783     ** 


Error. 
0-0001  grm.  — ") 
0-0000     *'  I 


Mean  error. 


0-0938 
0-1116 
0-0907 
0-1077 


0-0007 
0-0016 
0-0003 
0-0012 


+ 
+ 
+ 
+ 


>  0-0006  gnn.-f 


B. 


TeOa  found. 
0-0912  grm. 
0-0908  *' 
0-0922  ** 
0-0913  ** 
0-0913  " 
0-0921     " 


Error. 
0-0002  grm.  +  ^ 


0-0002 

"  - 

0-0011 

"  + 

0-0000 

(( 

0-0001 

"  + 

0-0007 

"  +J 

Mean  error. 


0-0003  grra.+ 


The  agreement  between  the  indicatione  of  the  two  methods 
is  evidently  close,  and  it  is  suggestive  that  that  error  which  is 
slightly  the  larger,  and  also  in  the  direction  indicative  of  la^et 
expenditure  of  the  permanganate  in  producing  the  efltect 
sought,  is  found  on  the  side  of  the  determinations  made  in 
alkaline  solution. 

As  to  the  correlative  question  of  the  liberation  of  oxygen 
during  oxidations  by  potassium  permanganate  in  alkaline  solu- 
tion we  have  made  no  experiments,  but  experience  (not  de- 
tailed in  this  paper)  in  the  collection  of  the  gas  liberated  in 
oxidations  efiEected  in  presence  of  acid  leads  us  to  distrust  the 
evidence  of  such  experiments  unless  the  amount  of  gas  libe- 
rated is  considerable.  While,  on  the  one  hand,  small  quanti- 
ties of  liberated  gas  may  be  so  completely  absorbed  as  not  to 
appear  free  at  all  it  often  transpires,  on  the  other  hand,  that 
the  simple  admi.xture  of  unlike  liquids — such,  for  example,  as 
a  solution  of  potassium  permanganate  with  sulphuric  of 
strength  insufficient  to  liberate  oxygen — may  bring  about  a 
very  appreciable  liberation  of  dissolved  gases.  So  far  as  ap- 
pears, however,  the  affirmation  of  the  liberation  of  oxygen  m 
oxidations  by  potassium  permanganate  in  alkaline  solutions 
now  rests  upon  evidence  of  that  nature  only. 
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Abt.    XL. — On    the    Cry%tallography  of   the   CcBsium-Mer' 
cuinc  Halides ;  by  S.  L.  Penfield. 

The  salts  to  be  described  in  this  paper  were  prepared  by 
Prof.  H.  L.  Wells,  and  their  chemical  description  has  been 
given  by  him  in  the  September  number  of  this  Journal. 

The  crystals  were  all  measured  on  a  Fuess  reflecting  goni- 
ometer, model  II,  acd  great  pains  were  taken  to  select  the  best 
measurements  as  fundamental.  In  a  few  cases,  where  the 
crystals  were  very  small  and  the  reflections  of  the  signal, 
therefore,  rather  broad,  the  mean  of  a  series  of  measurements 
was  used.  The  axial  ratios  are  given  in  tabular  form  at  the 
beginning  of  each  separate  chemical  type  and  the  fundamental 
angles,  from  which  these  are  derived,  are  marked  by  an 
asterisk  in  the  table  of  angles  accompanying  each  salt. 


Type  3 :  L 

CssllgC]&.  Orthorhombic,  mouoclinic  hemihedrism 

Cs.HgBr* 

CssHgIs,  Orthorhombic,  sphenoidal  hemihedrism 
or  J  tt ;  6  ;  §  c 


a   : 

.-  c 

0-7976: 
0  7882 
0-7966: 
0-5362: 

0-6605 
0-6527 
0-6656 
0-97975 

0-8043: 

0-6532 

CssHgBrsIa 

The  first  three  salts  have  ex- 
actly the  same  habit  and  crystal- 
lize in  slender  prisms,  attached  at 
one  end  and  terminated  at  the 
other  by  faces  which  are  arranged 
with  monoclinic  symmetry,  figs.  1, 
2  and  3.  The  crystals  were  sel- 
dom over  1™°*  in  diameter,  but  the 
faces  were  perfect  and  admitted 
of  accurate  measurement.  The 
forms  and  angles  are  : 


approximately  like  CsiHgU 


m,  110,  / 
d.  on,  \'i 


d\  Oil,  'l-l 
c,    021,  2-T 


2h  in.  1 

p',  111. '1 


CsallgCU  Cs.HgCIaBra 

Measared.  Oalcalnted.    Measured.    Calculated. 
m>Km,  110/^110  =♦77"  9'  76"  33'      76=30' 

m^p,   110^111  =  ♦43  21  *43    29 

ftiA^p,   110^111=    80  41      80°41i' 
tn^d,   110a011=    69  55      69    54  70    14       70    13 

m^e,  110 >v  021  =  6o  8  60  11 
d^e,  011/v021  =  19  29  19  26 
d^d^    011^011=    66  53      66    53^ 


19    25 


Oil  A  111  =    34  39     34    39 


19    28 
♦66   16 
34    37       34    44 


C8iHgBr5 
Measured.   Calcalat<«d 
*77''  6' 
♦43    61 

80  37 

69  49 

60  10 


80'  36i' 
69    48 
60     7 


67  16 
34  47 


67    18 
34   49 
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The  crystals  have  orthorhoinbic  optical  properties.  When 
lying  on  their  prismatic  faces  all  show  in  polarized  light  an  ex- 
tinction parallel  to  the  vertical  axis,  and  in  convergent  light  a 
trace  of  the  ring  system  can  be  seen,  indicating  that  the  plane 
of  the  optical  axes  is  the  base. 

We  have  here  an  excellent  illustration  of  monoclinic  herai- 
hedrism  in  the  orthorhombic  system.  Among  all  of  the  crys- 
tals which  were  examined,  there  was  not  one  which  had  a  holo- 
hedral  termination.  The  forms  d^  and  p'y  when  present,  were 
always  smaller  than  the  corresponding  forms  d  and  jp,  while  e 
was  only  observed  to  the  right  above.  Also  the  right  handed 
vertical  edge  of  the  prism  showed  a  tendency  toward  a  skeleton- 
like growth,  which  was  not  observed  to  the  left.  In  measuring 
the  crystals  great  pains  were  taken  to  detect  a  monoclinic  char- 
acter by  the  angles,  bat  none  could  be  found.  Of  course  the 
three  salts  may  be  regarded  as  monoclinic,  with  an  angle  j9, 
differing  so  little  from  90°  that  it  can  not  be  detected  by  the 
goniometer,  but  against  such  a  supposition  are  the  arguments, 
that  the  crystals  have  orthorhombic  optical  properties  and, 
while  there  is  a  variation  in  the  axial  ratios  of  the  series  as 
bromine  is  substituted  for  chlorine,  there  is  no  change  in  the 
angle  ^,  as  would  be  expected  if  the  salts  were  monoclinic 
In  this  connection  it  is  interesting  to  note  that  while  the  chlo- 
ride and  bromide  are  very  similar  in  their  axial  ratios,  the 
chemically  intermediate  chloro- bromide  is  not  crystallographi- 
cally  intermediate. 

At  the  present  time  there  seems  to  be  no  other  known  com- 
pound which  ill  nstrates  this  hemihedrism.  Different  substances, 
which  have  been  referred  to  this  class,  as  datolite  or  wolfra- 
mite, for  example,  have  been  shown  by  accurate  measurement, 
or  a  study  of  their  optical  properties,  to  be  truly  monoclinic. 
Professor  P.  Groth,  in  the  last  edition  of  his  Physikalische 
Erystallographie,  has  not  mentioned  this  hemihedrism  as  a  pos- 
sibility in  the  orthorhombic  system,  although  in  the  former 
edition  of  his  work  and  in  most  treatises  on  crystallography  it 
is  recognized. 

4.  5.  6. 
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The  diflferent  crops  of  Cs.Hgl,  which  were  examined  showed 
a  great  variety  in  habit,  represented  by  figs.  4-8.  The  hemi- 
hedral  development  is  not  always  strongly  marked,  and  forms 
Uke  figs.  5  and  6  are  the  commonest.  The  crystals  sometimes 
measured  over  5™°*  in  diameter  and  gave  excellent  reflections. 

Only  one  crop  of  Cs,HgBr,T,  was  examined.  The  crystals 
were  in  the  form  of  sphenoids,  fig.  9,  some  of  them  over  10"*™ 
in  diameter,  bat  the  faces  were  curved  and  striated  and  only 
approximate  measurements  could  be  made. 

The  forms  which  were  observed  are : 

6,  010,  t-l         d,  102,  i-i        5,021,  2-«        y,  lll,-l         oMl2,-i 
c,  001,    0        r,  on,  l-l        p,  111,  1  o,    112,  i        «,  121,-2-5 

The  angles  of  Cs,HgI,  are ; 

MeMured.      Calculated. 


c^p,    OOIaIU  =  *64''  16' 
pAj?',  Ill  A  111  =»50  23 
CAr,  001^011=  44  23 
ca5,  001  A  021  =  62  68 


Measured.  Calculated. 

CaO,  001  a  112  =  46**  V  46'  2' 

Oao',  112^112  =  39  66  39  46 

Oao',  112  a  112  =  87  67  87  66 

44' 25'    OAd,    n2Al02  =  19    60  19  63 

62   58     j9Ae,    111  A  121  =17    48  18     4 


Both  Cs.Hgl.  and  CsjHgBr.I,  cleave  distinctly,  parallel  to 
the  base,  but  the  crystals  are  very  brittle  and  usually  break 
with  a  conchoidal  fracture.  Crystals  of  the  former,  which  are 
tabular  parallel  to  the  base,  show  in  convergent  polarized  light 
a  bisectrix  normal  to  o,  001 ;  the  plane  of  the  optical  axes  is 
the  macro-pinacoid  and  their  divergence  is  large. 


Type  g :  1. 


Cs9HgCl4      not  measured. 

CsiHgBr^     Orthorhombic 

C8,HgCl,Br,  *' 

C8,HgCl.I, 

CB9Hgl4  Monoclinic 

CBaHgBral,  '* 


0-5706:1:  1-4715 

0-567    :1:    

not  measured. 
1-3156:  1:0-9260 


Approximately  like  Cs9Hgl4 


/3  =  69°  66' 


The  crystals  of  Cs.HgCl^  were  too  thin  to  measure. 

Both  CSjHgBr^  and  us, HgCl.Br,  crystallize  in  thin  rectangu 
lar  plates ;  those  of  the  former  were  sometimes  several  centi 
meters  long,  but  seldom  over  i°^™  thick,  and  had  the  lo. 
habit  shown  in  fig.  10.  The  crystals  of  the  latter  salt 
were  very  much  thinner.  The  plates  were  often 
grouped,  with  the  large  pinacoid  faces  slightly  diver- 
gent, and  isolated  crystals,  suitable  for  exact  measure- 
ment were  only  occasionallv  found. 

The  forms  which  were  observed  on  Cs,HgBr^  are : 

ft,  010,  i-l       c  001,  0       m,  110,  /      d.  Oil,  l-l       p,  221,  2 

and  on  Cs,HgCl,Br„  J,  m  and  a  second  prism  130,  i-8. 
end  faces  could  not  be  made  out. 


The 
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The  angles  of  Cs,HgBr^  are : 


Measured. 

Meaanred. 

Calculftted. 

m^m,  110^110  =  *59''26' 

m^p,  110^221  =  33''58i' 

33'  68' 

h^d,     010  A  Oil  =*H4  12 

On  this  salt  the  dome  d  is  always  small  and  frequently  want- 
ing. The  pyramid  p  was  only  observed  on  a  few  crystals.  In 
convergent  polarized  light  a  bisectrix  may  be  seen  normal  to 
J,  010.  The  plane  of  the  optical  axes  is  the  macro-pinacoid 
and  their  divergence  is  so  large  that  they  cannot  be  measured 
in  air  but  in  a-monobromnaphtaline  the  following  values  were 
obtained : 

2H  =  80*  12'  for  yellow,  Na  flame. 
2H  =  85   23  for  red,  Li  flame. 

The  dispersion  is  strong  />>v.     The  acute  bisectrix  is  axis 
of  least  elasticity,  the  double  refraction  is  therefore  positive. 
The  only  angles  on  Cs,HgCl,Br,  which  were  measured  are  : 

m  ^m,  110  ^  110  =  *59*'  6'  and  110  a  130  =  approx.  30**  53",  calculated  30"  59' 

In  convergent  polarized  light  a  bisectrix  may  be  seen  normal 
to  J,  010.  The  plane  of  the  optical  axes  is  the  niacropinacoid, 
and  their  divergence  is  large.  The  axis  of  greatest  elasticity 
is  normal  to  h. 

Only  very  fine  needles  of  C8,HgCl,I,  were  obtained,  which 
were  too  small  for  measurement.  These  appeared  under  the 
microscope  as  striated  prisms,  with  their  obtuse  edges  rounded 
by  oscillatory  combinations.  In  polarized  light  mey  show  a 
parallel  extinction  and  in  convergent  light  a  biaxial  interfer- 
ence figure,  the  plane  of  the  optical  axes  being  the  vertical 
pinacoid.     The  acute  bisectrix  is  axis  of  least  elasticity. 

The  crystals  of  CsjHgl^,  which  were  frequently  several  cen- 

13. 


^ 


6 


s 


timeters  in  diameter,  showed  a  variety  of 
habits  represented  in  figs.  11,  12  and  13.  The 
crystals  of  the  latter  habit  are  usually  attached 
at  one  end  and  taper  toward  the  free  extrem- 
ity, owing  to  a  tendeney  to  develop  vicinal 
pyramids  in  the  zone  d-o. 

The  crystals  of    CSjHgBr,!,,  which   were 
examined,  were  about  2°°^  in  diameter  and  had 
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the  simple  habit  shown  in  fig.  14.     The  faces  were  rounded 
and  uneven  so  that  only  approximate  measurements  could  be 
made. 
The  forms  and  angles  are  : 


a,  100,  t-i                           c,  001,   0 
6,  010,  i-i                          wi,  110,  / 

d,  201,  2-i 

e,  Oil,  1-i 

C8,HgI. 
Measared.         Cftlcnlated. 

c  ^a,   001,    100  =  ♦69"  66' 
m^m,  110a110  =  *77    68 
a  A  d,   Too  A  201  =  m    26 
c  ^e,    001^011=   40    66             41'  1' 

CsaHgBrJ, 

66Ml'to66M7' 
77    16  to  77   67 

The  cleavage  of  both  salts  is  perfect  parallel  to  the  base, 
less  so  parallel  to  the  clinopinacoid.  With  Cs^Hgl^  the  plane 
of  the  optical  axes  is  at  right  angles  to  the  symmetry  plane  and 
clinopinacoid  cleavage  sections  show  in  convergent  polarized 
light  an  obtuse  bisectrix,  which  is  axis  of  least  elasticity.  The 
,  axis  of  greatest  elasticity  makes  an  angle  of  about  50°  with 
the  vertical  axis  in  the  acute  angle  j9. 

Type  1:1. 

a  :   b   :   c 
OaHgCl,  Isometric  and  Orthorhombic  0-57736 : 1 ;  040884 

CsHgClBra  "  "  "  approximately  like  the  above. 

CsHgBr,  "  "     MonodiDic        10124 :  1 :  0-70715,  /S  =.  87**  V 

CaHprBrla  "  0-978   :  1 :  0'743     ,  /?  =  87"  3^' 

CsBgla  not  measured. 

The  first  three  compounds  are  dimorphous  and,  from  solu- 
tions containing  an  excess  of  alkali  halide,  they  all  crystallize 
in  cubes.  These  sometimes  have  their  edges  truncated  by 
small  dodecahedron  faces,  less  often  beveled  by  210,  i-2.  The 
crystals  show  a  slight  action  on  polarized  light  and  give  an  ex- 
tinction parallel  to  the  diagonals  of  the  cube,  but  this  anomaly 
is  probably  due  to  some  internal  tension,  for  when  crushed 
the  fragments  are  isotropic.     No  cleavage  could  be  detected. 

CsHgCI,  was  repeatedly  recrystallized  from  water  and 
always,  two  types  were  observed.  One  of  these  was  confined 
to  those  crystals  which  wereattached  to  the  sides  of  the  beaker, 
while  those  which  grew 
more  in  the  interior  had 
an  entirely  different  habit. 
The  crystals  of  the  first 
type  averaged  about  2""^  -x^ 

in  greatest  diameter  and 


had  the  habit  shown  in  figs.  15  and  16. 
are  as  follows  :  * 


The  forms  and  angles 
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a,  100.  t-f  TO,   110,  I 

&,  010,  i-X  n,    130,  i-3 

Meuured.   GalcnUted. 
TO  A  m,  110  A  110=    ♦60''  0' 
d  Af7,  021  a02I  =  *101  27^- 
p  Ajo,  111  A  111=      66  28i      66**  29' 
p  Ajj,   111  A  111  =      36  54        36    64 
TOaP,   110a111=      50  43}      60    43| 


c,  101,  l-i  d,  021,  2'X 

/,  201,  2-1  1?,  Ill,  1 

Measured.    Calciilit«d. 
a  aP,  100Alll=r56''45'      66"  45}' 
TOa^.  110  a  111  =  71    33}     71   33 
p  ^d,  111  A  021  =  36    54       36  54 
a  ^e,  100^101  =54   42i     54  42 
a  a/,  100  a  201  =  35    13       35    13} 


The  crystals  were  brilliant  and  gave  wonderful  reflections. 
The  prismatic  angle  was  measured  repeatedly  and  found  to 
be  60°  and  the  forms  could  be  referred  to  the  hexagonal  sys- 
tem, making  the  m  and  b  faces  a  prism  of  the  first  order,  a 
and  n  a  prism  of  the  second  order  and  p  and  d  the  unit  pyra- 
mid. There  was  nothing,  however,  in  the  development  of  the 
faces  to  suggest  hexagonal  symmetry.  Thin  sections  were 
prepared,  hoping  that  the  optical  properties  would  throw  some 
light  upon  the  form,  but  they  showed  only  a  very  weak 
double  refraction,  in  fact  they  appeared  almost  like  isotropic 
sections,  so  that  no  satisfactory  conclusions  could  be  drawn. 

The  ciTstals  of  the  second  type  were  spear-head  shaped,  fig. 
17,  and  grew  out  into  the  center  of  the  solution,  either  attached 
to  one  another  by  the  acute  solid  angles,  or  to  a  slender,  paral- 
lel growth  of  crystals,  which  served  as  a  sort  of  stem.  The 
crystals  which  are  about  5™°*  in  length  are  complicated  and  per- 
plexing, and  the  faces  are  developed  with  triclinic  symmetry, 
although  they  can  be  referred  to  the  axes  of  the  first  type. 
The  most  prominent  faces  are  shown  in  the  figure,  while  the 
distribution  of  all  those  which  gave  distinct  reflections  are 
given  in  the  spherical  projection,  fig.  18.  The  forms  which 
were  observed  are  given  as  if  they  belonged  to  a  triclinic  crys- 
tal and  are : 


17. 


18. 


19. 


20. 


h,     010,   i-X 
to',  lIO,   '/ 
/,     201,  '2-i' 
d,    021,   2-r 


P.  Ill,  y 

V\  Ill,,l 

P",  ill,    1, 

9,  132,   J-3' 


q"\  132,  'J-S 
r',  131,  ,3-3 
«;,  I91,  ,9-9 
a;',  1151,, 15-15 


y"',  7§5,  'J-lf 
2",     lS7,  ^\ 
w,     1131,  llV' 
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The  crystals  gave  excellent  reflections  and  only  occasionally 
a  slight  striation  interfered  with  making  accurate  measure- 
ments. All  of  the  forms  were  observed  on  two  crystals  and 
probably  others  could  have  been  found  by  measuring  a  larger 
number. 

The  crystals  of  CsHgClBr,  have  a  similar  habit,  fig.  19,  and 
the  distribution  of  all  of  the  faces  which  gave  distinct  reflec- 
tions is  given  in  the  spherical  projection,  fig.  20.  This  salt  is 
more  insoluble  than  the  chloride  and  the  crystals  are  conse- 
quently much  smaller,  not  over  1^""  in  greatest  diameter. 
All  of  the  forms  given  above  for  the  chloride  were  observed 
except  z  and  v^  and  in  addition : 

d'  021,  '2'\        p"\  111,  a  r'',  l3l,  3-5^  u%  171,^  7-7  (,  2127,  '^-^ 

The  crystals  gave  very  good  refiections,  considering  their 
size,  and  the  best  measurements  agreed  so  well  with  those  of 
the  chloride  that  no  attempt  was  made  to  calculate  a  new  axial 
ratio.  The  most  marked  diflEerence  in  the  two  salts  is  the 
d€ 
d' 


velopme 

nt  of  the  zone 

p''  z"  &"  y'"  in  the  chloride  and 

r'  j">'"/in  the  chlorobroraide. 

The  measured  and  calculated  angles  are  as  follows :    ' 

CsHgCl, 

CsHgClBr, 

Calculated. 

m'./ 

iIOa 

201 

44*^  45' 

45" 

6' 

44''  58i' 

/     -P, 

201  A 

111 

26    35 

26 

27 

26    34i 

P     ^Q^ 

111  A 

132 

18    27 

18 

34 

18   27 

q     ^d, 

132  ^ 

021 

18   26 

18 

23 

18    27 

d    /sr, 

021  A 

l31 

26   44 

26 

26 

26    34i 

X     ^r, 

II51a 

131 

33   40 

33 

20 

33    40i 

w    ^r, 

191  ^ 

l31 

26    36i 

26 

27 

26    33 

u     /vr. 

171. 

131 

21 

35 

21    47i 

r     ^p% 

I31^ 

III 

26    33 

26 

37 

26   34i 

P'    -P', 

in. 

III 

36    524 

36 

37 

36    54 

b     .r", 

010. 

I3l 

44   44 

44   68 

y'"-?''', 

795. 

132 

22    13 

22    13 

z'    ^p\ 

157. 

111 

28    38 

28    35 

q^'^p'^ 

132. 

III 

50    54 

60   49 

r'^q. 

795. 

132 

62    29i 

62 

22 

62    284 

p'    A.I;, 

III. 

Il3l 

60   46 

60   45 

!>'    ^». 

111. 

Il3l 

66    63 

66    59 

/  -l>"^ 

201. 

111 

26 

38 

26   34i 

i>'"-g"', 

ill   A 

132 

18 

23 

18    27 

9'"-d', 

1,S2. 

021 

18 

34 

18    27 

r  ^d\ 

2l27  . 

021 

10 

13 

10    19 

q     j^w. 

132. 

l91 

60    59 

51 

4 

50   46 

q   ^p"\ 

132. 

111 

60 

50 

60   49 

q     A  q'", 

132. 

132 

60      3 

60      4 

It  will  be  seen  from  the  spherical  projection  that  the  forms 
of  CsHgClBr,  lie  mostly  in  three  zones,  suggestive  of  hexag- 
onal rhombohedral  symmetry,  although  there  is  nothing  m 
the  arrangement  of  the  faces,  and  still  less  with  CsHgCl,,  to 
indicate  aiat  this  is  correct.     The  crystals  of  CsHgClBr,  have 
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a  slightly  stronger  action  on  polarized  light  than  those  of 
CsHgCl,.  When  lying  on  the  large  g  faces^  both  show  an 
extinction  parallel  to  the  edges  between  p^  q  and  d. 

On  a  crystal  of  CsHgCl,  the  faces  in  the  zone  Py  g[y  dj  r 
made  prisms,  which  served  for  the  determination  of  tne  follow- 
indices  of  refraction. 

Prism  of  36''  54',  021  a  TIT,  n,  y,  Na  flame  =  l"791       n,  r,  Li  flame  =  1779 
Prism  of  63'  28f ,  131  /v  III,  n,  y,    "       "     =  1792      n,  r,  "      **     =  1-779 

The  crystal  was  of  course  very  small  and  the  refracted  rays 
were  not  very  bright,  but  the  latter  were  well  defined  and 
the  double  refraction  was  not  strong  enough  to  separate  them 
into  two  distinct  rays. 

The  author  cannot  give  any  satisfactory  explanation  of  these 
curious  forms.  They  seem  to  illustrate  a  tetartohedral  devel- 
opment of  the  faces  of  an  orthorhombic  crystal,  resulting- in  a 
figure  with  triclinic  symmetry.  The  mathematical  relations 
have  been  very  carefully  determined  and  the  facts  given.  It 
is  hoped  that  a  further' study  will  throw  some  light  on  the 
subiect. 

Ihe  different  crops  of  CsHgBr,  which  were  examined 
showed  a  variety  of  habits,  represented  by  figs.  21,  22  and  23. 


21. 


L^-^^^ 


22. 


23. 


The  forms  and  angles  are  as  follows  : 


c,  001,  0 

e,  201, 

-2-1 

0,  Til,  1 

y.  261, 

-6-3 

m,110,  / 

d,   101, 

l-l 

p,  221,-  2 

X,   I31, 

3-3 

Measured.  Calcalated. 
c^m.  001  AnO  =  *87°  68f 
c-rf,    001  aIOI  =*35    52 
CaC,    001>s20l=    52    28^     52°  30f 
Cy^o,    001  A  111  =   45    40       45    49 


Measured.  Calculated. 
m^m,  110^  ll0  =  »90'38' 
d  ^x,    I0IaI31=    60    41      60MO' 
e  ^p,    201^221=    38    46     38    46^ 

e  ^y. 


201  A  261  =    67    21     67    28 


The  crystals  are  seldom  over  5™"  in  diameter  and  sometimes 
have  a  hemimorphic  development,  although  this  is  not  always 
apparent.  In  the  prevailing  type,  fig.  22,  there  is  perhaps  a 
tendency  for  221  to  predominate  over  221  but  this  is  not 
great.  The  pyramids  x  and  y  were  observed  only  with  hemi- 
morphic development,  fig.  23.  The  crystals  were  tested  for 
pyro-electricity   but    no   satisfactory   results    were   obtained, 
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which  is  perhaps  owing  to  their  small  size. 
The  crystals  of  OsHgBrI,  were  about  2"*°^ 
in  diameter  and  had  the  habit  shown  in  fig. 
24,  which  is  quite  different  from  that  of  the 
bromide.     The  forms  and  angles  are  as  follows : 


24. 

c 


I,  010,  t-t 


c,  001,  0 


Meaenred. 
J  ^  f,  320  ^  350  =  *66'*  8' 
6/.ff,  010aOH4  =  »60    54 


i.  320,  i-t  8,  034,  f-»     . 

MeMured.   CalcnlaCed. 
/a»,  320  a  034  =*72°  22' 
J  A  5,  320  A  034=    76    16       76*60' 


The  basal  planes  were  curved  and  uneven  so  that  no  satis- 
factory measurements  could  be  made  from  them,  and  the 
other  faces,  although  bright,  did  not  give  very  satisfactory 
reflections.  The  crystals  show  in  convergent  polarized  light 
an  optical  axis,  almost  normal  to  the  base,  the  plane  of  the 
optical  axes  being  the  clinopinacoid. 

TypefS:S, 

a   :h:      c 
CsaHg.Ts.     MoDOclinic,  hemibedral.      0-3438 :  1 :  03544,  /3  =  7 1**  66i' 

25.  26. 


The  crystals  of  this  salt  have  a  curious  development. 
Some  of  the  most  conspicuous  forms  are  triangular  plates,  fig. 
25,  while  fig.  26  is  a  projection  of  the  same  upon  the  clino- 
pinacoid. These  crystals  are  terminated  above  by  a  basal 
Elane  and  below  by  pyramidal  faces,  which  gives  a  curious 
emimorphic  development  in  the  direction  of  the  sym- 
metry plane.  A  variety  of  habits  was  observed,  long  pris- 
matic, skeleton  forms  and  simple  shapes  like  fig.  27,  but  in 
almost  all  of  these  the  hemihedral  character  was  prominent. 
The  crystals  frequently  measured  over  10°™  in  greatest  diam- 
eter. The  faces  were  bright  and  gave  excellent  reflections. 
The  forms  end  angles  are  as  follows  : 


5,  010,  i-i 


c,  001,  0 


m,  110,  / 


p.  Ill,  1 


The  pyramid  was  observed  only  with  hemihedral  develop- 
ment. 


Measured. 
c  Am,  001  A  no  =  ♦72*'  51' 
m^m,  110a1I0  =  *36    12 


Measured.    Calculated. 
TTiAjp,   110  a  111  =♦50'^  26' 
b  Ai?,  010  A  IK  =    74    17        74°  14' 
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Two  cleavages  were  observed,  one  perfect  parallel  to  the 
clinopinacoid,  a  second  less  perfect  parallel  to  the  base.  In 
polarized  light  clinopinacoid  tables  give  an  extinction,  inclined 
about  28°  to  the  vertical  axis  in  the  acute  angle  ^.  Basal 
plates  show  in  convergent  light  an  optical  axis  not  far  removed 
from  the  center  of  the  field.  The  plane  of  the  optical  axes  is 
the  clinopinacoid. 

These  crystals  furnish  an  excellent  illustration  of  inclined 
faced  hemihedrism,  as  recently  developed  by  Prof.  Geo.  H. 
Williams,*  who  has  shown  that  it  is  of  frequent  occurrence 
on  pyroxene. 

Type  1 : 2, 

a      :b:      c 
CsHgsCU,       MonocHnic         1  6099 :  1 :  1-3289,  P  =  78''  64' 

C8Hg9ClBr4    Onhorhombic   0*686  :1:    

CsHg^Brs  "  0-590   :  1:  1-16 

CsHgiU,  not  measured. 

CsHgjClj  was  made   in    slender  lath-shaped   crystals,  over 

10™  long  in  the 
2^-  ^^'  direction  of  the 

symmetry    axis 
btt  not  over  i"" 
^     in    diameter. 
Fig.  28  repre- 
sents a  simple,  and  29  a  twin  crystal,  with  the  orthopinacoid 
as  twinning  plane.     The  forms  and  angles  are  as  follows : 

a,  100,  i-i  c,  001,   0  d,  Oil,  1-i 

6,  010,  i-i  w,  no,  /  ;>,  111,  —  I 

Two  orthodomes  were  also  identified,  lOl  and  201,  but  they 
were  very  small  and  yielded  only  approximate  measurements. 

Measared.  Measured.  CalcaUted. 

a^c,    100  A  001  =  ♦78'*  64'  c    ..w,  001  a  110  =  84' 6'         84'     6' 

a^Tn,   100/.110=»57    40  m^p,    110  ..111  =  31   12         31      8 

c^rf,    001^01l=*62    31  a  ^p,    100^111=58     4         58       3 

b  ^p,    010/slll=47   19        47     19 

The  plane  of  the  optical  axes  is  at  right  angles  to  the  sym- 
g^       metry  plane  and  the  obtuse  bisectrix  is  nearly  normal 
to  the  base. 
Both    CsHgjClBr^    and   CsHgBr.  were   made    in 
I  rectangular   tablets,   fig.   30,    which    ^ere   not    over 

-j^^mm  jjj  greatest  diameter  and  were  very  thin.  Twins 
were  common,  with  the  unit  prism  as  twinning 
plane,  and  the  plates  often  penetrated  at  angles  oi 
about  60°  and  120°,  reminding  one  of  little  cerussite 


^ 


i 


twins. 


♦This  Journal,  xxxviii,  p.  116,  1889. 
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The  forms  and  angles  are  as  follows : 


CsHgaClBr* 

CsHgsBr, 

6,    010,  i.\ 

&,  010,  ».? 

«i,  110,  / 

n,  120,  t.2 

d,  Oil,  1-i 

rf,  Oil,  t4 

e,  014,  i-l 

Measured.   CalcDlated. 
wi^fn,  110vvll0=*60*'  44' 
6^6,       twiD      =    60    35       60"  44' 


Measared.   Calculated. 
6  A  6,      twin       =:*6r5' 
ft^d,  010  >s  Oil  =  »41    0 
&An,  010a12C=    40    20     40°  17' 
6^e,  010  A  814=    73    25     73    57 


Type  1:5, 
a    :    h    :    e 
CsHg.Clii,       Monoclinic  0*7233  :  1  :  0-4676 
CsHg.ClBrio  "  0-7111  :  1  :  04661 


/?  =  85°  61'  40" 
j3  =  85    29 


31. 


The  chloride  was  made  in  prismatic  crystals,  fully 
^Qmin  long,  and  having  the  habit  shown  in  fig.  3i. 
The  forms  and  angles  are  as  follows : 


m,  110,  I 


d,  oil,  l-i 


c,  lOl,  l-i  /,  101,  -l-l 


The  domey  was  usually  wanting. 


Measured.  Calculated, 
wi  aTW,  110All0  =  *7r  37' 
d  ^d,   Oil  a  Oil  =*50    0 
Wac,    IIOaIOI  =*66    8 
rf  ^e,    Oil  aIOI  =    41  21     41°  20f 


Measured.  Calculated. 
m^d,  1 10  a  Oil  =  72°  31'      72°  31'^ 

wiArf,  110  a  Oil  =  78    49  78    48 
d  ^/,    Oil  A  101  =39    30       39    29^ 
e  a/,     lOl  A  101  =  65    43       65    42 


The  chlorobromide  CsHff^ClBr,,  is  much 
more  insoluble  than  the  chloride  and  was 
made  in  crystals,  wliich  were  not  over  i°*°' 
in  greatest  diameter.  The  habit  is  shown 
in  fig.  32  and  is  very  different  from  that  of 
the  chloride.     The  forms  and  angles  are  as  follows  : 


TO,  110,  / 

Measured. 
ttiaW,  110a110  =  *70°40' 
d  A  d,  Oil  A  Oil  =»48    54 


d.  Oil,  l-i  c,  101,   l-i 

Measured.  Calculated, 
d  AC,  Oil  A  101  =»40°  68' 
WAdllOA011=    72     40      72°  40' 


The  crystals  are  strongly  double  refracting  and  the  little 
tables  show  in  convergent  polarized  light  a  bisectrix  nearly 
normal  to  e.  The  plane  of  the  optical  axes  is  the  clinopina- 
coid  and  the  optical  axial  angle  is  small.  The  interference 
phenomena  are  very  interesting  when  observed  through  colored 
glasses.  In  the  hvperbola  position  the  figure  is  almost  uni- 
axial when  viewed  through  red  glass,  while  with  blue  the. 
hyperbolae  are  separated,  probably  as  much  as  15°~20°. 

Sheffield  Scientific  School,  New  Haven,  June,  1891. 
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Art.  XLI. — On  Silver  Hemisulphate ;  by  M.  Carey  Lea. 

The  existence  of  those  substances  which  I  described  some 
years  ago  under  the  name  of  photosalts  of  silver*  necessarily 
implied  the  existence  of  4;he  hemihaloids  of  silver  also,  as 
these  latter  entered  into  the  composition  of  the  photosalts. 
Similar  inferences,  though  less  definite,  had  long  been  drawn 
from  the  action  of  light  on  silver  haloids.  Two  of  these,  the 
chloride  and  bromide,  lost  by  the  action  of  light  their  com- 
plete solubility  in  ammonia  without  becoming  completely  sol- 
uble in  nitric  acid.  Evidently  there  was  indicated  an  inter- 
mediate compound  between  the  normal  haloid  and  metallic 
silver.  During  the  last  ten  or  twelve  years  I  have  devoted 
much  time  to  the  attempt  to  isolate  these  lower  compounds  of 
silver  and  to  gain  some  certain  knowledge  as  to  the  hemioxide, 
whose  existence  seemed  almost  a  necessary  inference  from  that 
of  the  hemihaloids.  Some  eight  years  ago,  I  obtained  a  sub- 
stance having  all  the  properties  which  one  would  be  disposed 
to  ascribe  to  Ag,Cl  and  a  large  number  of  analyses  made 
seemed  to  confirm  the  view.  I  hesitated,  however,  to  publish 
a  description  of  it,  not  feeling  entire  certainty  that  it  might 
not  be  a  mixture,  as  to  which  a  concordance  of  the  proportions 
found  of  Ag  and  CI  with  theory  gives  no  sufficient  informa- 
tion. Since  then  M.  Guntz  has  described  a  subchloride  ob- 
tained by  acting  on  silver  hemifluoride  with  phosphorus  penta- 
chloride  and  a  hemioxide  derived  from  it.  up  to  the  present 
time  no  combination  of  silver  hemioxide  with  an  oxyacid  has 
been  known^ 

Such  a  combination  I  have  been  able  to  obtain  as  a  double 
salt  of  hemisulphate  and  normal  sulphate  containing  one  mole- 
cule of  each.  The  new  salt  has  a  light  bright  brown  color,  and 
exhibits  a  stability  which  in  view  of  its  composition,  is  some- 
thing remarkable.  It  has  no  tendency  either  to  oxidation  or 
to  reduction.  Nitric  acid,  unless  very  strong,  has  but  little 
action  upon  it.  Acid  of  1*42  poured  over  it  in  large  excess 
and  let  stand  for  several  days  gradually  dissolves  it  completely, 
but  the  same  acid  diluted  with  with  two  or  three  times  its  vol- 
ume of  water  has  so  little  action  that  it  forms  a  convenient 
means  of  purification.  On  the  other  hand,  ferrous  sulphate 
which  instantly  reduces  argentic  sulphate  has  no  action  what- 
ever on  the  new  substance  even  with  several  days'  contact 
Hot  strong  sulphuric  acid  has  no  action.  It  might  almost  be 
expected  that  under  its  influence,  the  argentous  salt  would 
gradually  take  up  oxygen  and  be  converted  into  argentic  sul- 

*  This  Journal,  xzxiii,  May  and  June,  1887. 
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phate.  But  a  specimen  which  was  covered  with  a  large  excess 
of  undiluted  sulphuric  acid  in  a  flask  and  was  kept  under  boil- 
ing water  for  ten  hours  was  not  altered  thereby.  Another 
strong  proof  of  its  stability  is  found  in  its  resistance  to  heat. 

The  application  of  heat  produces  a  somewhat  curious  suc- 
cession of  colors.  The  terra  cotta  or  warm  brown  shade  of 
the  moist  substance  changes  by  drying  above  100°  to  pale 
lilac,  at  165°-170°  it  becomes  grayish,  at  a  somewhat  higher 
temperature,  yellowish  green.  Considerably  below  red  heat  it 
acquires  a  fine  ruby  red  color.  In  cooling,  this  red  darkens 
almost  to  black,  then  becomes  lighter  again  and  when  cold  the 
color  is  light  olive-green.  The  changes  are  repeated  as  often 
as  the  substance  is  heated  and  cooled.  No  sulphuric  acid 
vapors  are  disengaged  even  at  a  low  red  heat. 

It  was  mentioned  in  a  previous  paper  that  when  silver 
nitrate  is  reduced  by  solutions  of  phosphorous  or  hypophos- 
phorous  acid  or  by  acidified  solutions  of  their  alkaline  salts, 
transient  colorations  were  produced  that  seemed  to  suggest  the 
presence  of  some  form  of  allotropic  silver.  Since  that  paper 
was  published  this  reaction  has  been  taken  up  for  further 
study.  It  soon  appeared  that  when  the  silver  salt  was  treated 
with  a  solution  of  alkaline  hypophosphite,  acidified  with  sul- 
phuric acid,  the  result  obtained  was  entirely  different  from 
that  which  presented  itself  under  any  other  circumstances. 
It  became  clear  that  sulphuric  acid  did  not  act  solely  by  setting 
free  the  hypophosphorous  acid,  but  also  acted  on  the  silver 
with  formation  of  a  double  sulphate. 

A  remarkable  though  limited  analogy  here  presents  itself 
between  the  substance  just  described  and  the  photosalts  of 
silver.  The  silver  hemihaloids  are  very  unstable  substances, 
but  acquire  stability  by  uniting  with  the  normal  haloids.  In 
the  same  way  the  hemisulphate,  which  is  not  known  to  be 
capable  of  separate  existence,  becomes  perfectly  stable  by 
union  with  the  normal  sulphate.  The  limitation  to  this 
analogy  lies  in  the  fact  that  the  last  mentioned  combination 
occurs  in  definite  proportions,  which  does  not  seem  to  be  the 
case  with  the  halogen  compounds. 

The  new  substance  then  is  formed  by  the  joint  action  of 
sulphuric  and  hypophosphorous  acid  on  a  silver  salt.  Hvpo- 
phosphorous  acid  has  but  little  action  on  silver  sulpnate 
already  precipitated,  but  it  is  different  when  the  silver  sulphate 
is  formed  in  presence  of  hypophosphorous  acid. 

Several  silver  salts  may  be  used.  I  have  at  different  times 
employed  the  nitrate,  phosphate  and  carbonate.  The  latter  is 
pernaps  the  best,  because  the  action  with  the  nitrate  is  too 
rapid,  and  with  the  phosphate,  too  slow,  and  for  other  reasons. 
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A  weighed  quantity  of  silver  nitrate  is  precipitated  with  an 
excess  oi  alkaline  carbonate  and  washed.  The  carbonate,  as 
well  as  all  the  other  reagents  employed  must  be  absolutely  free 
from  chlorides,  otherwise  the  product  becomes  contaminated 
with  silver  chloride  which  cannot  be  removed.  The  silver 
carbonate  is  then  treated  with  a  solution  of  alkaline  hypophc^ 
phite  acidified  with  sulphuric  acid.  All  the  alkaline  hypo- 
phosphite  of  commerce  contains  much  more  than  a  trace  of 
chloride:  this  is  best  got  rid  of  by  adding  to  its  solution- a 
little  solution  of  silver  nitrate,  stirring  well  at  intervals,  letting 
stand  for  twenty-four  hours  and  filtering.  This,  filtrate  with 
addition  of  sulphuric  acid  is  to  be  pouredover  the  moist  silver 
carbonate  and  constantly  stirred.  The  reaction  is  complete  in 
twenty  or  twenty-five  minutes,  when  a  bluish-black  film  of 
reduced  silver  begins  to  form  on  the  surface.  Further  ac- 
tion is  then  cut  short  by  neutralizing  the  liquid  with  alkaline 
carbonate.  The  precipitate  is  next  to  be  washed  several  times 
by  decantation.  Very  pure  distilled  water  is,  of  course,  needed 
throughout. 

Convenient  proportions  are :  40  grams  silver  nitrate  pre- 
cipitated with  excess  of  alkaline  carbonate.  Of  sodium  hypo- 
phosphite,  100  grams,  dissolved  in  650  c.  c.  of  water  are 
treated  with  a  little  silver  nitrate,  and  after  standing  and  filter- 
ing, 4  c.  c.  of  sulphuric  acid  are  to  be  added  and  the  liquid 
poured  over  the  silver  carbonate.  After  a  few  minutes,  6  c.  c. 
more  of  sulphuric  acid,  diluted  with  a  little  water,  are  added 
by  degrees.  With  this  second  quantity  of  sulphuric  acid  the 
characteristic  reddish-brown  color  of  the  substance  first  ap- 
pears. 

This  process  may  be  varied  by  precipitating  with  disodic 
phosphate  (which  must  be  perfectly  free  from  chloride)  instead 
of  alkaline  carbonate.  The  action  is  much  slower,  about  24 
hours  being  needed.  Silver  nitrate  itself  may  be  used,  but 
the  action  is  too  rapid  and  the  product  is  less  in  quantity. 

The  crude  product  obtained  in  either  way  is  to  be  purified 
with  nitric  acid.  Acid  of  1*42  is  diluted  with  three  times  its 
volume  of  water,  and  of  this  dilute  acid  a  quantity  is  taken 
about  double  in  volume  to  that  of  the  precipitate  and  of  the 
water  left  after  decanting  closely.  After  a  time  some  efferves- 
cence takes  place,  but  the  mixture  does  not  become  warm. 
After  standing  for  three  or  four  hours  over  the  precipitate,  it 
is  to  be  poured  off  and  the  precipitate  washed.  This  treat- 
ment with  acid  is  applied  three  times :  the  first  removes  a  good 
deal  of  silver,  the  second  a  little,  the  third  a  trace.  Each  time 
the  acid  is  left  three  or  four  hours  in  contact.  The  product  is 
then  washed  by  pouring  on  it  a  large  quantity  of  boiling 
water.     This  is  repeated  four  or  five  times,  each  time  (except 
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the  first)  placing  the  vessel  in  a  water  bath  kept  at  100°  C.  for 
several  hours. 

The  product  is  either  dried  in  the  air  or  (for  analysis)  at 
100°  C.  It  forms  a  bright  brown  substance,  permanent  in  the 
air,  changing  to  violet  when  kept  for  some  time  at  160°  C. 
It  has  the  peculiarity  that  when  water  is  poured  on  it,  it  makes 
a  sharp  hissing  noise.  This  takes  place  with  the  air-dried  sub- 
stance as  well  as  that  dried  at  higher  temperatures  and  as  much 
with  the  former  as  with  the  latter. 

The  substance  after  purification  has  about  one-half  the 
weight  of  the  silver  nitrate  taken. 

Tliese  proportions  and  this  mode  of  operating  are  those  that 
I  have  found  to  give  the  best  result.  But  tne  substance  is 
formed  under  a  great  variety  of  conditions.  It  seoms  impos- 
sible to  bring  a  silver  salt  into  contact  with  alkaline  hypophos- 
phite  acidified  with  sulphuric  acid  without  producing  more  or 
less  of  it.  Its  presence  is  often  completely  obscured  by  re- 
duced silver,  ^ut  a  mass  which  looks  perfectly  black  and 
might  be  supposed  to  contain  nothing  but  metallic  silver  will 
leave,  when  treated  with  nitric  acid,  a  bright  brown  residue  of 
the  double  sulphate.  We  have  here,  as  before,  an  analogy 
with  the  photosalts.  For  it  will  often  happen  that  a  blackish 
mass,  containing  metallic  silver  and  mixed  or  combined  silver 
chlorides  will,  when  treated  with  nitric  acid,  resolve  itself 
into  bright  purple  or  rose  colored  photochloride. 

All  the  specimens  of  this  new  substance  contain  a  little 
phosphoric  acid  which  cannot  be  removed.  Keckoued  as 
phosphoric  anhydride  it  amounts  to  a  little  over  two  per  cent 
Three  determinations  gave  respectively,  2*30 ;  209 ;  2-18,  mean 
219. 

It  is  apparently  united  with  silver  and  this  silver  phosphate 
is  united  so  firmly  with  the  double  sulphate  that  it  cannot  be 
detached.  If  it  were  not  so  united  it  would  be  dissolved  in 
the  nitric  acid  with  which  the  substance  is  three  times  treated 
if  it  were  normal  phosphate,  and  if  it  were  hemiphosphate  it 
would  be  converted  (if  in  a  free  state)  to  normal  phosphate 
and  dissolved. 

Another  attempt  to  remove  this  phosphate  was  made  by 
heating  the  substance  with  sulphuric  acid  to  100°  C.  for  ten 
hours,  followed  by  copious  treatment  with  boiling  distilled 
water  to  wash  out  the  sulphate  which  it  was  hoped  would  be 
formed  at  the  expense  of  the  phosphate.  It  seems  difficult  to 
believe  that  a  silver  phosphate  could  resist  this  treatment,  but 
a  quantitative  determination  showed  that  the  proportion  of 
phosphoric  anhydride  is  not  even  diminished  by  it. 

Other  modes  of  formation  than  those  described  here  were 
experimented  on  with  the  view  of  obtaining  the  substance 
free  from  phosphate,  but  without  good  result. 
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It  is  possible  that  the  silver  phosphate  may  be  combined  in 
definite  proportions  and  the  approach  to  uniformity  of  com- 
position somewhat  favors  this  idea.  Bat  such  a  view  woald 
require  the  assumption  of  a  large,  perhaps  too  large  a  molecnle. 

Analyses. 

A.  Material  prepared  from  silver  carbonate  and  dried  at 
100°  0. 

(1)  (2)  Mean. 

Ag 7613  76-76  76*44 

O 3-29  3-29 

PO^ 2-30  2  09  2-19 

SO,.. 16-19  16-47  16-33 

Water 1-78  1-78 


99-69  10003 

B.  Material  prepared  by  various  other  methods  considered 
less  reliable. 


Determinations. 

Ag  per  cent. 

PaOft.                       SOa.                     0. 

\  78-59 

J  78-45 

3-93 

3-69 

77-16 

3-61 

(  75-43 

2-18                15-61                3-29 

\  75-46 

3-25 

(  75-35 

1-77 

m  70-74 

Mean  3*55 

The  determinations  of  phosphoric  and  of  *  sulphuric  anhy- 
dride are  placed  opposite  the  silver  determinations  to  which 
they  belong.     The  oxygen  determinations  are  distinct. 

The  most  reasonable  interpretation  of  these  results  is  that 
we  have  to  do  with  a  double  sulphate  of  silver  hemioxide  and 
protoxide  in  which  a  portion  of  the  sulphuric  acid  is  replaced 
by  phosphoric.  The  proportion  of  phosphoric  acid  seems  to 
be  nearly  constant,  three  concordant  analyses  having  given 
2-09,  2-30,  and  218,  with  a  mean  of  219.  These  proportions 
may  be  expressed  by  the  formula 

7(Ag,S0.Ag.S0.H,0)  +  Ag.PO,Ag.PO,. 

The  comparison  of  this  formula  with  results  obtained  is  as 
follows : 
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Calculated.  Found  (Mean). 

Aff 78-79  70-44 

SO 15-67  16-33 

P,0, 1-98  2M9 

0 3-80  3-29 

HO 1-76  1-78 


100-00  100-03 

This  large  molecule  results  from  the  relatively  small  propor- 
tion of  PjO^,  and  although  the  figures  obtained  for  phosphoric 
anhydride  are  very  concordant,  it  perhaps  is  better  to  consider 
the  substance  as  a  double  sulphate  in  which  part  of  the  sulphuric 
acid  is  liable  to  be.  substituted  by  phosphoric.  If  the  silver 
phosphate  is  taken  as  adventitious,' the  formula  becomes  sim- 
ply Ag,SO„  Ag,SO  ,  H3O. 

Decompo8itio7i8. — The  action  of  alkaline  hydroxides  is  con- 
firmatory of  the  above  conclusions,  and  also  offers  further 
proof  of  the  great  stability  of  the  substance. 

When  the  double  salt  is  placed  in  contact  with  excess  of 
dilute  sodium  hydroxide  it  blackens,  being  converted  into  a 
mixture  of  the  hemioxide  which  is  intensely  black,  and  the 
normal  oxide.  This  decomposition,  however,  takes  place 
much  more  slowly  than  with  tne  salts  of  the  protoxide,  so  that 
(unless  heat  has  been  applied),  if  after  ten  or  fifteen  minuter 
the  alkali  is  poured  on  and  the  oxides  are  dissolved  with 
dilute  nitric  or  sulphuric  acid  a  considerable  residue  is  found 
of  the  red-brown  double  salt  which  has  escaped  decomposition^ 

With  continued  treatment  with  sodium  hydroxide  (that 
obtained  from  metallic  sodium  was  used  as  being  absolutely 
free  from  chlorine,  the  decomposition  is  complete. 

The  oxide  thus  precipitated  was  thoroughly  dried  at  160°- 
170°  C,  weighed  and  ignited.  Five  determinations  of  oxygen 
from  various  specimens  gave  4*73  ;  4*63,  and  again  4*24;  4'19 ; 
4*17  per  cent  of  oxygen  respectively.  A  salt  with  the  consti- 
tution already  described  should  yield  one  molecule  each  of 
hemioxide  and  of  normal  oxide,  and  this  mixed  oxide  should 
contain  4-68  per  cent  of  oxygen.     We  have  then : 

Mean  of  5 
determinationB.      Calculated. 

Oxygen  per  cent 4-39  4-68 

The  double  salt  is  more  readily  decomposed  by  hydro- 
chloric and  hydrobromic  acid  or  even  by  alkaline  chlorides  or 
bromides.  Under  their  action  it  instantly  blackens.  That 
part  of  the  silver  that  exists  in  the  form  of  hemisulphate  is 
converted  into  black  hemichloride  or  hemibromide.  The 
extreme  instability  of  these  hemihaloids  causes  them  sponta- 
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neouslj  to  resolve  themselves  into  metal  and  normal  haloid. 
They  rarely  remain  as  hemihaloid  for  more  than  an  hour  or 
two,  and  often  for  much  less  time.  The  change  is  often  quite 
sudden  and  is  easily  observed  by  the  alteration  of  color,  the 
black  of  the  hemihaloid  passing  into  the  metallic  gray  color 
belonging  to  a  mixture  oi  normal  haloid  with  metallic  silver. 
The  hemibromide  seems  to  be  a  little  less  unstable  than  the 
hemichloride.     . 

This  instability  does  not  render  an  analysis  impossible  since 
both  the  products  of  the  change  are  insoluble;  but  renders  it 
somewhat  more  difficult,  as  the  freshly  formed  silver  haloid 
tends  to  run  through  a  iilter.  Sometimes  indeed  it  seems  as 
if  traces  of  the  silver  chloride  were  for  a  few  momenta  soluble 
in  water  with  a  yellow  coloration.  The  appearance  of  this 
yellow  color  in  the  water  is  apt  to  be  the  nrst  indication  of 
the  splitting  up  of  the  hemichloride. 

Two  analyses  were  made,  one  of  material  obtained  by  acting 
on  the  brown  salt  with  dilute  hydrochloric  acid ;  this  con- 
tained 81*79  per  cent  of  silver.  One  by  decomposing  it  with 
sodium  chloride  ;  this  gave  81*93  per  cent.  A  substance  hav- 
ing the  formula  already  given  should,  by  conversion  into 
chloride,  give  a  mixture  in  which  two-thirds  of  the  silver 
should  exist  as  hemichloride,  and  one-third  as  normal  chloride. 
We  have  then — 

, — Found. — s 

I.  2.  Mean.         Calculated. 

Ag  per  cent.-   81-79  81-93  81*86  82-35 

a  result  sufficiently  close  to  afford  a  confirmation  of  the  con- 
stitution assigned. 

When  the  brown  salt  is  decomposed  with  dilute  hydro- 
bromic  acid  or  an  alkaline  bromide,  a  corresponding  result  is 
obtained.  By  treatment  with  hydrobromic  acid  a  mixed 
bromide  resulted  which  proved  to  contain  66*06  per  cent  of 
silver. 

A  general  consideration  of  all  the  reactions  which  I  have 
obtained  seems  to  indicate  that  the  action  of  sulphuric  acid 
and  sodium  hypophosphite  on  silver  carbonate  does  not 
lead  directly  to  the  production  of  the  double  salt  which  I 
have  described,  but  that  the  hemisalt  is  produced  in  excess, 
often  in  large  excess  ;  that  the  nitric  acid  oxidizes  this  excess, 
being  able  to  attack  the  free  hemisalt,  but  not  that  portion 
which  is  combined  with  protosalt  and  so  rendered  stable.  It 
follows  that  whatever  has  been  the  original  relative  propor- 
tion between  the  two  salts  the  nitric  treatment  leaves  always 
one  molecule  of  each.  If  it  were  possible  to  control  the 
formation  it  is  not  improbable  that  a  pure  hemisulphate  might 
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be  obtained.  Bat  the  action  of  the  hypophosphite  tends  so 
strongly  to  carry  the  reaction  still  further  tnat  reduced  silver 
appears,  and  in  removing  this  with  nitric  acid  the  double  salt 
resnlts.  A  confirmation  of  this  is  found  in  the  fact  that  the 
treatment  with  nitric  acid  much  reduces  the  deep  terra  cotta 
color  of  the  original  product.  If  this  difficulty  can  be  over- 
come we  may  yet  obtain  hemisalt  isolated. 

There  is  reason  to  suppose  that  numerous  other  compounds 
of  silver  hemioxide  with  oxyacids  may  exist.  These  com- 
pounds cannot  be  obtained  by  acting  on  the  normal  salts  with 
sodium  hypophosphite  or  with  hypophosphorous  acid,  but  it 
appears  probable  that  they  may  be  produced  when  the  normal 
salts  are  formed  in  the  presence  of  sodium  hypophosphite. 
If  to  the  last  named  salt  we  add  a  solution  of  a  salt  capable  of 
precipitating  silver  nitrate,  and  then  further  add  silver  nitrate, 
we  obtain  precipitates  which  after  standing  some  hours  with 
frequent  stirring  appear  to  contain  compounds  of  silver  hemi- 
oxide. But  these  products  do  not  resist  the  action  of  nitrie 
acid ;  consequently  there  appears  to  be  no  means  of  purifying 
them  and  of  deciding  with  certainty  as  to  their  nature. 

When  sodium  citrate  and  hypophosphite  are  dissolved 
together  and  a  little  silver  nitrate  added  to  get  rid  of  chlo- 
rides, then  after  standing  and  filtering  more  silver  nitrate  is 
added,  a  precipitate  is  obtained  which  after  a  time  appears  to 
contain  silver  hemicitrate  in  an  impure  form.  When  a  little 
of  this  precipitate  is  put  into  much  water  containing  a  trace  of 
ammonia  (five  or  six  drops  to  100  c.  c),  a  fine  rose-red  solution 
results. 

Most  oxysalts  of  silver  are  darkened  by  light.  In  a  paper 
published  in  this  Journal  for  July,  1887,  1  mentioned  that 
films  of  these  salts  exposed  to  light  and  then  treated  with 
dilute  hydrochloric  or  hydrobromic  acid  appeared  to  be  con- 
verted into  hemichloride  or  hemibromide,  and  argued  there- 
from that  oxyacid  hemisalts  of  silver  must  exist,  and  be 
formed  by  action  of  light  on  normal  salts.  I  believe  that  I 
have  been  able  to  prove  the  existence  of  a  hemisulphate  with 
a  strong  probability  that  many  other  hemisalts  may  be  formed 
both  by  the  action  of  light  and  also  by  purely  chemical  means. 
It  is  possible  that  at  some  future  time  we  may  succeed  in 
obtaining  some  of  these  compounds  in  a  state  of  purity. 
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SCIENTIFFC     INTELLIGENCE. 
I.  Geology. 

1.  Geology  of  the  TaylormUe  Region  of  California  ;  by  J.  S. 
DiLLKR,  pp.  369-394  of  the  Bull.  Geol.  Soc.  America,  1892.' 

Jura  and  TVias  at  Taylorville^  California^  by  Alpheus  Hyatt, 
pp.  395-412,  ibid. 

In  these  two  papers  is  found  the  first  recognition  of  the  Lias  in 
North  America.  The  region  of  this  discovery  is  in  Plamas  Co., 
California,  near  the  summit  of  the  Sierra  Nevada,  and  is  the 
same  that  afforded  the  fossils,  in  the  survey  under  Professor  J.  D. 
Whitney,  that  were  studied  by  Gabb  and  proved  to  represent  the 
Upper  Triassic  and  the  Jurassic  formations.  The  recent  collec- 
tions of  Professor  Hyatt  have  confirmed  the  results  of  Mr.  Gabb, 
and,  besides  adding  to  the  number  of  Upper  Triassic  species, 
have  afforded  over  40  Liassic,  a  large  number  of  the  Middle  Jura 
or  Oolite,  and  others  that  are  referred  to  the  Callovian  and 
Corallian  of  the  Upper  Jura. 

Mr.  Diller,  from  his  study  of  the  stratigraphy  of  the  region, 
makes  the  total  thickness  of  its  stratified  rocks,  exclusive  of  the 
gravels,  to  be  over  24,500  feet.  Of  this  series,  about  17,500  are 
Paleozoic,  4700  Triassic,  450  Liassic,  530  Middle  Jura,  and  1000 
Upper  Jura — 500  of  the  last  in  each  of  its  subdivisions.  The 
rocks  are  shown  to  be  in  overthrust  flexures  and  npthrust  fanlis, 
with  the  thrust  in  each  to  the  eastward.  Mr.  Diller  finds  evi- 
dence that  there  was  a  profound  upturning  at  the  close  of  the 
Carboniferous;  another  feebler  disturbance  after  the  Triassic, 
and  a  great  upturning  a^ain  with  flexures  of  the  rocks  after  the 
Jurassic  and  probably  immediately  following  this  period.  His 
paper  contains  sections  illustrating  the  flexures  and  faults,  with  a 
full  account  of  the  stratigraphical  results  reached. 

2.  Geological  Survey  of  th^  State  of  New  York,  PcUceon- 
tology:  Volume  VIIL  An  Introduction  to  the  study  of  the 
genera  of  Palceozoic  Brachiopoda,  Part  I  By  James  Hall, 
State  Geologist  and  Paleontologist,  assisted  by  John  M. 
Clarke.  Albany,  1892,  4to,  pp.  i-xvi,  1-367,  with  39  figures  in 
the  text  and  44  lithographic  plates. — Part  I,  now  published, 
includes  all  the  genera  of  palaaozoic  inarticulate  brachiopods, 
together  with  the  Orthoids,  Strophomenoids,  and  Prodnctoids  of 
the  articulate  section.  The  Terebratuloids,  Rhynchonelloids,  Pen- 
tameroids,  and  spire-bearing  forms  are  to  appear  in  a  subsequent 
volume.  Practically  this  work  fulfills  the  function  of  a  final 
arbiter  on  questions  of  generic  limitations.  Great  care  has  been 
taken  to  investigate  type  species  and  upon  them  to  base  the 
generic  diagnoses.  The  manifest  plan  is  to  ^ive  of  each  genus, 
7a)  accurate  illustrations,  {b)  the  bibliograpny  and  synonymy, 
(o)  a  diagnosis  of  internal  and  external  characters,  {d)  the  type 
species,  {e)  general  observations  on  the  structure  and  afiinities. 
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and  other  facts  of  interest  and  importance.  It  would  appear,  at 
first  sight,  that  a  large  naraber  of  new  genera  are  proposed,  and 
that  most  of  the  old  familiar  genera  are  present  under  unfamiliar 
guises,  but  a  closer  inspection  shows  that  the  number  of  actual 
new  names  is  few.  The  others  are  rehabilitated  terms,  nearly 
forgotten  since  their  origin,  and  now  re-defined  and  applied  to 
distinct  groups  of  forms  or  types  of  structure.  Thus  the  subject 
has  been  simplified  by  breaking  up  many  of  the  old  heteroge- 
neous groups,  such  as  Discina  and  OrthiSy  into  clear  cut  minor 
genera  or  subgenera,  which  are  now  available  for  accurate  sys- 
tematic work.  The  authors  have  abstained  from  the  exact  use 
of  family  or  other  taxonomic  designations  except  the  two  great 
divisions  Inarticulata  and  Articulata. 

Lingula  is  the  first  genus  discussed,  but  it  is  not  necessarily 
considered  as  the  primitive  type  of  inarticulate  brachiopods. 
This  view  is  supported  by  the  geological  history,  anatomy,  and 
development.  LinguUlla  and  jOingulepis  are  regarded  as  fore- 
runners of  Lingula^  and  connecting  links  to  the  Obolelloid  type. 
Modifications  of  the  nature  of  septa  produced  by  the  deposition 
of  shelly  matter  about  the  muscular  and  parietal  bands  produced 
related  genera,  such  as  Dignomia  and  Glottidia,  Special 
features  developed  about  the  cardinal  areas  resulted  in  forms  for 
which  the  new  generic  terms  BarroiaeUa  and  Tomaaina  are  pro- 
posed. Other  structures  arising  from  mechanical  necessity,  as 
the  elevation  of  the  anterior  edges  of  the  muscular  attachments 
to  compensate  for  hepatic  and  ovarian  pressure  resulted  in  the 
formation  of  the  vaulted  platform  of  Lingulasma.  The  authors 
consider  this  feature  of  much  importance.  It  first  appears  in 
ZfingulopSy  and  reaches  a  higher  development  in  Lingulasma. 
Whether  this  character  in  these  genera  is  in  direct  genetic  line 
to  TrimereUa^  or  whether  it  is  a  morphological  equivalent,  may 
be  questions  for  further  discussion. 

Among  Discinoid  shells  the  new  genus  Discinopsis  of  Matthew 
is  first  defined,  and  the  subgeneric  divisions  of  Orbiculoideay 
(EhlerteUay  Lindatrcemellay  and  Rannerdlay  are  proposed,  based 
upon  the  features  of  the  pedicle  opening  and  form  of  the  ventral 
valve.  Of  especial  interest  and  importance  are  the  observations 
on  the  development  of  the  pedicle  opening  in  Orbiculoideay 
jSchizocraniOy  TrematiSy  and  Diaciniscay  showing  their  genetic 
relations  in  that  Discinisca  and  Orbiculoidea  pass  through 
young  stages  comparable  with  adult  conditions  of  Schizocrania. 

Besides  the  current  terras  Platystrophiay  BilobiteSy  Schizo- 
phoria.  etc.,  founded  upon  groups  which  have  been  separated 
from  OrthiSy  the  authors  have  introduced  seven  new  divisions 
making  altogether  fourteen  including  Or  this  as  restricted.  The 
new  names  proposed  are  :  PlectorthiSy  DhiorthiSy  PlcesiomySy 
Hebertellay  HeterorthiSy  Dalmanellay  and  Orthotichia.  Three 
new  names  are  also  applied  to  forms  related  to  Clitambonites 
(=  Orthisina  d'Orb.) ;  viz.  Billingsellay  ProtorthiSy  and  Poly- 
tceehia. 
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Many  important  changes  have  been  introdaced  among  the 
Strophomenoids  and  Productoids.  Sk'ophomena  is  restored  to  its 
original  type  S.rugosa  Raf.  =  Leptama planumbona  Hall.  This 
leaves  most  of  the  species  known  as  Strophornena^  and  typified 
by  &  altemata^  without  a  name.  For  this  group  the  genus 
Mafinenquma  is  proposed.  Leptaena  rests  on  its  original  species 
X.  rhomhoidalis  VVilckens,  sp.  (=  X.  rugosa  Dalman),  and  species 
for  many  yeara  passing  as  JLeptmna  sericea^  L,  transversa  lis,  etc, 
now  fall  under  Plectambonites  Pander,  Streptorhynehus  is  re- 
stricted to  a  species  of  the  type  of  #^.  pelargonatuniy  a  Permian 
fossil,  and  nearly  all  the  species  commonly  known  under  this 
designation  from  the  Silurian  and  Devonian  now  come  under  the 
genus  Orthothetes  of  Fischer  de  Waldheim.  In  addition  to 
liafinesquina^  the  following  names  are  proposed  for  new  generic 
and  subgeneric  types  among  the  Strophomenoids  and  Productoids: 
Orthidium^  Kayserella,  Pholidostrophia^  LeptostrophiUy  Amphi- 
atrophia ^  JLeptellOy  Christiafiia,  Anoplia^  ChonostrophiUy  and 
Chojiopectus, 

It  will  probably  bo  found  that  TVopidoleptus  and  Vitxdina 
belong  with  the  genera  included  in  this  volume.  Oldhaminu^ 
Lyttoniay  and  Richtofenia,  also  pertain  to  this  portion.  It  is 
hoped  that  a  recognition  of  ordinal,  subordinal,  and  patronymic 
subdivisions  will  be  accorded  in  the  iinal  work  as  an  expression 
of  the  views  of  the  authors.  Several  anomalous  inferences  upon 
related  genera  which  have  a  structurally  intermediate  genus  ap- 
pearing at  a  later  geological  period  could  perhaps  be  belter  ex- 
plained as  morphological  equivalents.  lu  other  cases  geratology 
is  evidently  an  important  factor. 

Any  just  criticism  of  this  work  would  deal  chiefly  with  a  few 
details  of  observation:*,  minor  differences  of  opinion,  and  trivial 
points  of  generic  relationships,  and  would  in  no  way  impair  its 
general  usefulness.  It  must  therefore  stand  as  of  the  highest 
authority  on  the  genera  of  Palaeozoic  Brachiopoda.  c.  e.  b. 

3.  JReport  of  the  Arkansas  Geological  Survey  for  1890^ 
John  C.  Branneb,  Slate  Geologist.  Vol.  Ill,  "Whetstones  and 
Novaculites  of  Arkansas,  by  L.  S.  Gbiswold.  444  pp.  8vo, 
with  colored  geological  maps  and  other  illustrations. — Mr.  Gris- 
wold's  report  has  great  value,  alike  historical,  practical  and 
scientific.  The  origin  of  the  novaculite  stratum,  which  in  its 
pure  form  is  99^  per  cent  silica,  is  referred  to  simple  sedimenta- 
tion, like  that  of  an  ordinary  sandstone;  it  is  a  very  fine  siliceous 
sand-deposit,  somewhat  calcareous,  from  which  the  minute  cal- 
careous grains  have  been  leached  out,  so  as  to  render  the  rock 
porous.  Only  small  portions  of  the  stratum  have  the  fineness  of 
texture  fitted' for  the  best  whetstones.  The  stratum  is  of  the  age 
of  the  lower  part  of  the  Trenton,  as  proved  by  the  author  through 
the  discovery  of  Graptolites,  and  has  a  thickness  of  about  1200 
feet.  It  is  underlaid  by  1300  feet  of  shales,  limestones  and  sand- 
stones of  older  Paleozoic,  and  overlaid  directly  by  1200  to  loOO 
feet  of  Subcarboniferous  beds,  the  Upper  Silurian  and  Devonian 
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being  absent.  These  rocks  are  upturned  and  in  flexures,  making 
ridges  of  what  id  called  the  Ouachita  mountain  system,  extend- 
ing from  Little  Rock,  Central  Arkansas,  westward  into  the  In- 
dian Territory.  The  axis  of  uplift,  about  east  and  west  in  direc- 
tion, "strikes  toward  the  disturbed  Paleozoic  region  between 
Mississippi  and  Tennessee,  which  region  has  been  regarded  as  a 
Bonthwestern  termination  of  the  Appalachian  system.'' 

4.  On  the  occurrence  of  Artesia?i  and  other  underground 
waters  in  TexaSy  Eastern  New  Mexico  and  Indian  Territory^ 
west  of  the  97th  Meridian  ;  by  Robkrt  T.  Hill.  166  pp.  8vo, 
with  numerous  maps,  plates,  and  sections.  From  the  Final  Reports 
of  the  Artesian  and  Underflow  Investigations  of  the  Department 
of  Agriculture. — Professor  Hill  commences  his  very  thorough 
Report  with  a  general  review  of  the  topographical  features  of 
Texas.  He  mentions  in  detail  the  results  of  Artesian  borings 
oyer  tbe  State,  and  discusses  the  observed  facts  in  their  relation 
to  the  several  rock  strata  that  underlie  the  surface,  and  the  topog- 
raphy of  the  different  regions.  The  special  conditions  on  which 
in  each  region  success  or  failure  depend  are  pointed  out,  and  in  the 
explanations  many  geological  details  with  regard  to  the  stratifi- 
cation are  given  and  made  clear  by  numerous  illustrating  sections 
and  maps. 

5.  Oeological  Society  of  America, — A  meeting  of  the  Geo- 
logical Society,  of  which  Professor  G.  K.  Gilbert,  is  President, 
was  held  at 'Rochester,  New  York,  on  the  15th  and  16th  of 
August,  immediately  preceding  that  of  the  American  Association. 
The  following  papers  were  read :  L.  C.  Johnson,  on  Phosphate 
fields  in  Florida;  C.  H.  Hitchcock,  On  the  Connecticut  Valley 
glacier;  K.  W.  Clay  pole.  Dentition  of  Titanichtbys  and  its  allies ; 
G.  C.  Broad  head,  On  the  Ozarks  and  the  geological  history  of 
the  Missouri  Paleozoic  ;  G.  F.  Becker,  On  the  finite,  homogeneous 
strain,  flow  and  rupture  of  rocks ;  VV.  H.  Hobbs,  Phases  in  the 
nietamorphism  of  schists  in  Southern  Berkshire ;  C.  L.  Little, 
On  a  metamorphic  conglomerate  in  the  Green  Mts. ;  J,  Hall,  On 
the  Oneonta  sandstone;  VV.  Upham,  On  Drumlins  ;  G.  F.  Wright, 
On  Extra-morainic  drift  of  the  Susquehanna  Valley ;  D.  Wiiite, 
A  new  Taeniopterid  and  its  allies ;  A.  S.  Tiffany,  Overturn  of  L. 
Silurian  strata  in  Rennselaer  Co.,  N.  Y.;  President  Gilbert,  On 
Coon  Butte  of  Arizona  and  the  theories  of  its  origin. 

The  Society  will  hold  its  next  meeting  at  Ottawa,  Canada, 
commencing  on  the  28th  of  December. 

6.  Albirupean  Studies ;  by  P.  R.  Uhlee.  Trans.  Md.  Acad. 
Sci.,  1892,  pp.  185-201. — We  have  here  another  strong  effort  of 
this  author  to  vindicate  his  Albirupean  formation,  as  outlined  in 
18.88.  He  now  expands  it  to  include  the  entire  clay  series  of 
New  Jersey  and  the  Lamin<ited  Sands  of  that  state,  also  all  of 
the  Potomac  formation  of  McGee  coastward  of  the  Iron  Ore 
Clays  of  Maryland,  and  prolongs  it  southward  into  Virginia  to 
take  in  the  freestone  quarries  of  Aquia  Creek  and  Fredericks- 
burg.    This  leaves  very  little  of  the  great  Atlantic  Clay  Belt  for 
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aoy  one  to  contend  about,  because  it  is  now  known  that  the 
Amboy  Clay  flora  occurs  near  the  base  of  the  Tuscaloosa  forma- 
tion in  Alabama  and  Mississippi.  He  has  therefore  proved  too 
much  and  is  anticipated  by  Dr.  Eugene  Smith,  at  least  as  to  his 
proposed  name.  And  really  this  is  here  the  main  thing,  since 
the  facts  have  been  long  known  and  accurately  niapped,  at  least 
in  New  Jersey.  The  great  question  is  that  of  correlating  the 
Potomac  formation  with  the  New  Jersey  beds,  or  of  showing 
what  relation  subsists  between  them.  On  this  question  the  pres- 
ent paper  throws  no  clear  light.  The  one  service  which  !Prof. 
Uhler's  investigations  are  doing  is  that  of  drawing  attention  to 
the  fact  that  the  great  Lower  Cretaceous  non-shell-bearing  belt 
of  the  Atlantic  border  region,  though  doubtless  a  geological  unit 
(which  he  denies),  occupied  a  vast  period  in  its  deposition,  was 
attended  by  great  vicissitudes  and  oscillations  of  level,  and  must 
be  studied  as  a  series  of  successive  deposits  rising  stratigraph- 
ically  from  its  landward  toward  its  coastward  margin  and 
changing  greatly  from  one  level  to  another.  l.  f.  w. 

7.  The  Fossil  Flora  of  the  Bozeman  Coal  Field;  by  F.  H. 
Knowlton.  Proe.  Biol.  Soc.  Washington,  vol.  vii,  July  1892, 
pp.  153-154. — In  this  short  paper  Prof.  Knowlton  sums  up  the 
results  of  a  prolonged  investigation  soon  to  be  published  in  full 
by  the  Geological  Survey.  Altogether  43  species  of  fossil  plants 
have  been  found  in  the  Bozeman  coal  field  only  three  of  which 
are  new,  most  of  the  others  occurring  in  other  parts  of  the  west. 
The  small  number  of  Foit  Union  species  seems  to  show  that 
these  deposits  do  not  form  a  part  of  the  series  of  beds  that 
extend  along  the  Missouri  and  Yellowstone  rivers  in  Dakota  and 
Montana.  On  the  other  hand  the  forms  found  are  largely  those 
of  the  true  Laramie  and  overlying  Denver  formations  of  Colorado 
and  Wyoming,  between  which  they  are  pretty  equally  divided. 
This  seems  to  ^x  the  horizon  of  this  coal  region  with  consider- 
able accuracy,  and  shows  that  the  great  Laramie  sea  occupied 
the  same  position  relatively  to  the  Rocky  Mountain  uplift  in 
Montana  as  it  does  farther  south.  The  most  interesting  form  is 
the  Thinnfeldia  polymorpha^  which  seems  to  be  a  sort  of  con- 
necting link  between  the  ferns  and  the  conifers  of  the  Ginkgo 
type,  and  is  also  strongly  suggestive  of  the  Glossopterid  forms  of 
Australia  and  India.  l.  f.  w. 

8.  Faleontologie  Vegetale  {Ouvr ages  publics  en  1890),  par  R 
Zeilleb.  Extrait  de  I'Annuairo  G6ologique  Universel,  Tome 
VII,  1890,  pp.  1115-1157,  Paris,  1892.  This  is  another  of  the 
scries  of  admirable  reviews  of  paleobotanical  literature  by  M. 
Zcillor,  of  which  four  others  have  previously  appeared.  It  is 
very  thorough  and  searching,  no  less  than  188  different  works 
and  papers  being  treated.  The  plan  is  to  deal  first  with  the  gen- 
eral works  and  discussions  and  then  to  take  up  the  special  works 
in  the  ascending  geological  order  of  the  formations.  These  are 
subdivided  into  Paleozoic,  Antecretaceous  Secondary,  and  Cre- 
taceous and  Postcretaceous.     A  special  department  is  devoted  to 
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fossil  woods..  The  method  is  expository  rather  than  critical  and 
the  space  is  well  adjusted  to  the  importance  of  the  subjects  re- 
viewed. The  literature  is  referred  to  by  numbers  and  the  titles 
are  collected  together  in  an  alphabetical  list,  but  unfortunately 
in  a  separate  part  of  the  volume  (pp.  98-103) — a  serious  defect 
in  the  book-making,  but  for  which  our  author  is  not  responsible. 
The  most  important  works  that  appeared  during  the  year  1890 
were  Professor  Fontaine's  Flora  of  the  Potomac  Formation, 
Renault  and  Zeiller's  Coal  Flora  of  Commentry,  Saporta's 
Jurassic  Flora  (completed  in  this  year),*the  Paleophytology  of 
ZittePs  Handbuch,  brought  to  a  conclusion  by  Schenk,  and 
Zeiller's  Fossil  Flora  of  the  Carboniferous  and  Permian  basin  of 
Autun  and  Epinac.  Among  the  leading  discoveries  of  the  year 
may  be  noted :  that  by  Renault  of  the  large  petioles  called  Myel- 
oxylon  in  direct  relation  with  the  ferns  Alethopteris  and  !Neu- 
ropleris;  that  by  Williamson  of  secondary  wood  in  certain  ferns; 
that  by  Renault  of  a  true  Fquisetum  in  the  Carboniferous ;  that 
by  Marion  in  the  Permian  of  Lod^ve  of  peculiar  strobiles  (Gom- 
phostrobus)  which  seem  to  form  a  connecting  link  between 
Walchia  and  Ginkgo;  that  by  Saporta  of  dicotyledonous  plants 
in  the  Lower  Cretaceous  of  Portugal ;  and  that  by  Dawson  and 
Penhallow  of  a  Rhizocarp  {AzoUcephyllum  primcevum)  allied  to 
Azolla,  in  the  Tertiary  of  British  Columbia.  l,  p.  w. 

9.  Sylloge  Fungorum  Foaailium  hucusqve  coynitorum,  Auc- 
tore  A.  Meschinelhi.  Patavii,  1892. — This  is  an  octavo  pam- 
phlet of  73  pages  and  will  form  part  of  the  tenth  volume  o 
Saccardo's  great  SyUoge  Fiingorum  so  well  known  to  botanists. 
It  was  well,  and  in  line  with  modern  methods,  that  Saccardo 
sLould  include  the  fossil  forms  in  his  description  of  all  the  fungi 
known  to  botany,  and  this  part  could  not  have  been  intrusted  to 
any  one  more  competent  than  Professor  Meschinelli.  According 
to  this  enumeration  there  are  now  known  to  science  329  species 
of  fossil  fungi,  which  are  assigned  to  41  genera.  Most  of  these 
latter  are  named  from  their  resemblance  to  living  genera  by  add- 
ing to  the  generic  name  the  termination  -ites.  The  largest  genus 
is  Sphaerites  with  100  species,  which  is  followed  by  Xylomites 
with  56,  Rhytismites  with  23,  Phacidites  with  18,  Depazites  and 
Hysterites  with  16  each,  Phyllerites  with  15,  and  Sclerotites  with 
13.  Most  of  these  occur  as  spots  on  dicotyledonous  leaves, 
chiefly  in  the  Tertiary.  The  genera  Archagaricon,  Peronospor- 
ites,  Protomycites,  Excipulites,  and  some  of  the  species  of  other 
genera,  are  from  tlie  Carboniferous,  and  there  are  a  few  Mesozoic 
forms.  The  Folyporites  Bowmani  of  Lindley  and  Hut  ton  from 
the  coal  measures  of  Denbigshire,  long  regarded  as  the  scale  of  a 
fish,  is  included,  as  is  tlie  Gyromyces  Ammonia  oi  Goppert,  which 
most  other  authors  treat  as  a  shell,  and  which  has  been  otherwise 
named  Spirorhis  carbonarii\  but  in  such  doubtful  cases  atten- 
tion is  called  to  the  conflicting  views.  The  plan  oC  the  work 
embraces  pretty  full  references  to  the  literature  of  each  species, 
a  very  brief  character,  and  a  statement  of  the  habitat,   which 
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features  render  the  work   exceedingly  useful  itidependeutly  of 
any  questions  as  to  the  real  nature  of  doubtful  forms,     l.  f.  w. 

10.  Z  TVonchi  di  liennettUee  del  Musei  Ttcdiani,  NotiM 
storichey  geologichey  hotaniche ;  dei  Professori  Senatore  G.  Caj- 
ELLiNi  e  Conte  E.  Solms-Laubach.  Con  cinque  tavole.  Bologna, 
1S92.  Estratta  dalla  Serio  Y,  Tomo  II  delle  Mem.  Real  Accad. 
Sci.  1st.  di  Bologna. — Capellini  writes  the  historical  and  geologi- 
cal, and  Solras-Laubach  the  botanical  part  of  this  memoir,  giving 
a  very  full  account  of  the  discovery  and  the  real  nature  of  alt 
the  cycadean  remains  that  have  been  long  accumulating  in  the 
various  Italian  museums,  one  specimen  dating  back  as  fJEir  as 
1746.  Besides  the  eight  species  of  Cycadeoidea  which  are 
described  and  figured  one  other  form  is  treated  as  belonging  to  a 
different  genus  and  named  Cycadea  Imolenais.  Count  Solms 
reserves  the  name  Bennettites  for  the  sole  B.  Gibaonianus^  the 
nature  of  whose  fructification  is  known  and  has  been  fully  treated 
by  him  in  a  previous  memoir  (see  this  Journal,  vol.  xli,  p.  o3l). 
Mention  is  made  of  three  American  forms.  The  specimen  found 
at  Golden,  Colorado,  to  which  Lesquereux  gave  the  name  Zamio- 
strobus  mirabilis  was  sent  to  Solnis-Laubach  by  the  U.  S.  Na- 
tional Museum,  with  permission  to  dissect  and  describe  it.  It 
has  been  returned  together  with  two  slides  showing  its  internal 
structure,  but  the  only  description  is  contained  in  letters  from 
him.  In  these  and  in  the  present  work  he  has  renamed  it  Cyca- 
deoidea ZarniostrobuSy  which  name  his  label  with  the  specimen 
also  bears,  but  no  figures  are  given.  The  Tysonia  Marylandiea 
of  Fontaine  from  the  iron  ore  clays  (Potomac  formation)  of 
Maryland  is  also  regarded  as  a  Bennettites  or  a  Cycadeoidea,  and 
Capellini  says  that  it  closely  resembles  C.  Maraniana,  The  C. 
munita  of  Cragin  from  the  Cheyenne  Sandstone  is  supposed  to 
be  a  related  forni.  l.  f.  w. 

11.  Ueber  den  gegeniodrtlgea  Standpunkt  unaerer  Kenntnisa 
vofi  detn  Vorkommen  foaailer  Glacialpflanzen,  Von  A.  G. 
Nathorst.  Bihang  till  svenska  Vet.Akad.  Handlingar.  Band 
17.  Afd.  Ill,  No.  5.  Stockholm,  1892. — It  is  matter  lor  congrat- 
ulation that  this  valuable  paper  should  have  been  pubhi^hed  in 
German  instead  of  Swedish.  It  contains  a  resume  of  the  pro- 
longed and  extensive  researches  of  the  author  into  the  occurrence 
of  fossil  plants  in  glacial  deposits.  These  began  nearly  25  years 
ago  and  his  contributions  to  the  subject  embrace  more  than  a 
score  of  titles.  The  present  summary,  however,  goes  further  and 
includes  the  results  of  the  labors  of  others,  and,  though  brief, 
presents  a  bird's-eye  view  of  the  whole  field.  It  is  accompanied 
by  a  map  of  northern  Europe  with  the  areas  and  particular 
localities  where  these  plants  are  found  clearly  marked.  The 
principal  countries  in  which  these  occur  are  :  Sweden  (chiefly,  in 
Scania  at  the  extreme  south,  but  also  in  Ostgothland,  Gotland, 
and  Jemtland),  Norway  (at  Leine  in  Gudbrandsdalen),  Denmark 
fSeeland,  Moen,  Bornhblm,  Jutland),  Russia  (Esthland,  Livland), 
North  Germany  (East  and  West  Prussia,  Pomerania,  Mecklen- 


Digitized  by  VjOOQIC 


MisceUa7uoii8  Intelligence.  387 

barf^,  Schleswig-Holstein),  Great  Britain  (Devonshire,  Norfolk, 
Suffolk,  Yorkshire  and  near  Edinburgh),  Switzerland  (Cantons  of 
Zarich,  Thurgaa  Luzern,  Neuchatel),  Wtirtemberg  (Upper  Swa- 
bia),  Bavaria  (Kolbermoor),  Hungary  (Felek  in  the  South  Car- 
pathian mountains),  France  (near  Nancy).  In  nearly  all  cases 
the  forms  thus  discovered  have  been  identified  with  those  now 
inhabiting  the  colder  parts  of  the  uorihern  hemisphere.  Their 
great  southern  range  is  conclusive  as  to  the  change  that  has  taken 
place  in  the  climate  of  Europe.  l.  f.  w. 

11.    Miscellaneous  Scientific  Intelligence. 

1.  American  Aseociation  for  the  Advancement  of  Science. — 
The  41st  meeting  of  this  association  was  opened  at  Rochester, 
N.  Y.,  on  the  1 7th  of  August,  under  the  Presidency  of  Professor 
Joseph  LeConte.  The  addresses  of  the  Vice-Presidents  of  the 
sections  were  as  follows  :  Professor  J.  R.  Eastman,  of  the  Astro- 
nomical Section,  On  the  neglected  field  of  Fundamental  Astron- 
omy; Professor  B.  F.  Thomas,  of  the  I^hysical  Section,  On 
Technical  education  in  High  Schools  and  Universities;  A. 
Springer,  of  the  Chemical  Section,  On  .the  Micro-organisms  of 
the  soil ;  H.  S.  Williams,  of  the  Geological  Section,  On  the 
Scope  of  Paleontology  and  its  value  to  Geologists;  Professor  S. 
H.  Gnge,  of  the  Biological  Section,  On  the  Comparative  Physiol- 
ogy of  respiration  ;  W.  H.  Holmes,  of  the  Section  of  Anthro- 
pology, On  the  evolution  of  the  Esthetic ;  Professor  J.  B. 
Johnson,  of  the  Section  of  Mechanical  Science  and  Engineering, 
On  the  Applied  Scientist ;  Lester  F.  Ward,  of  the  Economical 
Science  Section,  On  ther  Psychological  basis  of  social  economics. 

The  Address  of  the  retiring  President,  Prof.  A.  B.  Prescott, 
considered  "the  w^ork  that  is  wanted  in  the  science  of  Chemistry." 

Excursions  were  taken  on  Saturday  in  four  directions,  to  Port- 
age, Stony  Brook  Glen,  Niagara  Falls  and  Canandaigua  Lake. 
Tlie  salt  mines  also,  20  to  30  miles  south  of  Rochester,  were  visited. 

The  President  and  Vice-Presidents  chosen  for  the  following 
year  were  as  follows  :  President,  Wni.  Harkness.  Vice-Presi-- 
DENTS,  C.  L.  Doolittle,  in  the  Mathematical  and  Astronomical 
section  ;  E.  L.  Nichols,  in  the  Physical ;  E.  Hart,  in  the  Chemi- 
cal ;  S.  W.  Robinson,  in  that  of  Mechanical  Science  and  Engi- 
neering ;  C.  D.  Walcott,  in  the  Geological ;  H.  F.  Osborn,  in  the 
Zoological ;  C.  E.  Bessey,  in  the  Botanical ;  J.  O.  Dorsey,  in  the 
Anthropological ;  W.  H.  Branner,  in  the  Section  of  Economic 
Science  and  Statistics.  Madison,  Wisconsin,  was  selected  for  the 
next  place  of  meeting. 

List  of  papers  accepted  for  reading. 

Section  A.     Mathematics  and  Astronomy. 

J.  A.  Br  ASHE  A  B :  European  obseryations. 

S,  C.  Chandler:  On  the  conflict  of  observation  with  theory  as  to  the  earth's 
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R  p.  Todd:  Meteorological  obseryations  made  in  April,  1890,  1891,  1892,  in 
the  totality-path  of  the  eclipse  o£  1893.  April  16. 

L.  A.  Bauer:  The  secular  motion  of  a  free  magnetic  needle. 

M.  Mgrriman:  On  the  discriminators  of  the  discriminant  of  an  algebraic 
equation. 

G.  K.  Hale:  The  spectroheliograph  of  the  Kenwood  Astro -Physical  Observa- 
tory, Chicago,  and  results  obtained  in  the  study  of  the  sun.  Forms  of  solar 
faculaa. 

C.  L.  Doolittle:  Latitude  of  the  Sayre  Observatory.  List  of  30  new  proper 
motion  stars. 

Alexander  Macfarl\ne:  On  the  imaginary  of«  algebra. 

R.  S.  Woodward  :  The  iced-bar  base  apparatus  of  the  U.  S.  Coast  and  Geo- 
detic Survey.     On  the  general  problem  of  least  squares. 

A.  W.  Phillips:  Models  and  machines  for  showing  curves  of  the  third 
degree. 

T.  H.  Safford:  Least  square  fallacies.  Differential  formulae  for  orbit  cor- 
rections Proper  motion  of  89  stars  Within  I O*'  of  the  north  pole,  with  remarks 
on  the  present  state  of  the  problem  of  the  solar  motion. 

E.  Hastings  Moore  :  Concerning  a  congruence-group  of  order  360  contained 
in  the  group  of  linear  fractional  substitutions. 

W.  Hoover  :  On  the  intersection  of  an  equilateral  hyperbola  and  the  sides  of 
a  plane  triangle — a  question  in  trilinears. 

W.  A.  Rogers  :  On  the  construction  of  a  prime  vertical  transit  instrument 
for  the  determination  of  the  latitude  of  Harvard  College  Observatory. 

A.  S.  Hathaway:  Lineo-linear  vector  functions. 

E.  B.  Frost  :  Thermal  absorption  in  the  solar  atmosphere. 

J.  E.  Krrshner  :  Electric  lights  for  astronomical  instruments. 

J.  D.  Warner  :  Practical  rules  for  testing  whether  a  number  is  divisible  by  7, 
or  any  other  small  prime ;  and  if  not  divisible,  to  ascertain  the  remainder.  In- 
crease in  constant  for  addition  in  testing  for  integral  values  in  the  equation  of 
quarter  squares. 

Section  B,    Physics. 

E.  S.  Ferrt  :  Persistence  of  vii^ion. 

G.  W.  Holley:  Experiments  on  the  ocular  spectrum  of  the  eye  and  the 
image  presented  to  the  brain. 

C.  A.  Oliver:  Description  of  a  contrivance  intended  for  the  study  of  percep- 
tion at  definite  distances. 

K.  Mbrritt:  Note  on  the  photography  of  tlie  manometric  flame  and  the 
analysis  of  vowel  sounds. 

G.  W.  Hough  :  On  the  sensitiveness  of  photographic  plates. 

W.  S.  Franklin:  E.  M.  F.  between  normal  and  strained  metals  in  voltaic 
cells. 

M.  Meuriman  :  Influence  of  the  moon  on  the  rainfall. 

D.  P.  Todd  :  On  the  mechanical  and  physical  means  of  aerial  transit  without  a 
propeller. 

E.  B.  Rosa  :  Further  experiments  on  the  specific  inductive  capacity  of  elec- 
trolytes. 

C.  B.  TiiwiNG:  A  photographic  method  of  mapping  the  magnetic  field. 

F.  P.  Whitman  :  Constancy  of  volume  of  iron  in  strong  magnetic  fields.  Note 
on  magnetic  disturbances  caused  by  electric  railways. 

E.  L.  Nichols  :  The  distribution  of  energy  in  the  spectrum  of  the  glow-lamp 
Absorption  spectra  of  certain  substances  in  the  infra-red. 
J.  E.  Oliver  :  Note  on  the  Lesage-Thomson  theory  of  gravitation 

A.  K.  Dolbear:  A  mechanical  model  of  electromagnetic  relations. 

W.  L  Stevens  :  An  experimental  comparison  of  formulae  for  total  radiation 
between  15°  0.  and  110°  C. 

H.  Rube^js  and  B.  W.  Snow  :  On  the  dispersion  of  radiations  of  great  wave- 
lengths in  rock  salt,  silvite  and  fluorspar. 

B.  W.  Snow:  On  the  distribution  of  energy  in  the  arc.  On  the  infra-red 
spectra  of  the  alkalies. 

G.  Hinrichs  :  On  the  mechanics  of  the  three  states  of  aggregation. 
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Section  C.     Chemistry. 

G.  Arobbold:  Tlie  albuminoids  of  maize. 

W.  P.  Mason  :  Post-mortem  imbibition  of  arsenic.  Effect  of  sedimentation 
upon  self-purification  of  running  streams.     The  value  of  a  water  analysis. 

S.  A.  Lattimore:  Presentation  of  samples  from  the  salt  mines  of  New  York. 

G.  HiNRiCBS:  On  the  mechanical  determination  of  the  stereographic  constitu- 
tion of  organic  compounds. 

W.  R.  Orndorff:  On  the  decomposition  of  acetone  with  concentrated  sul- 
furic acid. 

Lauka  0.  Talbott  :  Itacolumite  from  North  Carolina. 

H.  Carrinotox  Bolton  :  A  select  bibliography  of  chemistry. 

A.  Tuckebman:  Notes  on  a  bibliography  of  mineral  waters. 

£.  Hart  :  Copper  sulfate  as  a  material  for  standardizing  solutions. 

W.  A.  Notes:  An  effective  condenser  for  volatile  liquids  and  for  water 
analysis.     Di-ethyl-carbinamin  and  its  conduct  toward  nitrous  acid. 

A.  B.  Prbscott:  The  iodomorcurates  of  organic  bases. 

M.  GOMBKRQ :  Tn-methyl-xanthin  and  its  derivatives. 

H.  W.  Wiley  :  Some  points  in  connection  with  the  composition  of  honey.  A 
method  of  polarimetric  observation  at  low  temperatures. 

G.  P.  TowKSEND :  Note  on  the  effect  of  fertilizers  upon  the  juice  of  the  sugar- 
cane. 

E.  A.  DE  ScHWEiNiTZ  .*  The  enzyms  or  soluble  ferments  of  the  hog-cholera 
germ. 

E.  Goldsmith  :  Catalytic  influence  of  ammonia  on  amorphous  substances  to 
induce  crystallization. 

Section  D,    Mechanical  Science  and  Engineering. 

J.  B.  Johnson:  Rxtensometer  for  measuring  distortion  of  specimens  under 
test  (instrument  exhibited).  Peculiar  visible  strain  in  steel  when  tested  in  tension, 
compression  and  cross- breaking. 

Fred.  T.  Gausb:  Relative  economy  of  the  single  cylinder  air-compressor 
with  cooling  by  a  spray  of  water  and  the  present  economy  of  the  compound 
compressors  at  Qua  de  la  Gare,  Paris. 

A.  M.  RoSEBBOUQH :  A  new  window  ventilating  appliance. 

Wm.  a.  Rogers:  Investigation  of  a  21  1-1  feet  precision  screw.  Exhibition 
and  description  of  combined  yard  and  meter  standard  bar. 

R.  S.  Woodward:  On  the  use  of  long  steel-tapes  in  measuring  base-line. 
Report  of  U.  8.  C.  and  G.  Survey. 

E.  W.  Bemis  :  Results  of  municipal  ownership  of  gas-works  in  the  U.  S.  dur- 
ing 1891. 

G.  W.  HonOH :  Description  of  a  transmission  dynamometer. 

J.  B.  Webb:  Bending  tests  of  timber. 
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2.  British  AssocicUio?!. — The  sixty-second  meeting  of  the 
British  Association  was  held  at  Edinburgh  during  the  week  com- 
mencing August  3.  Sir  Archibald  Geikie  was  the  President  of 
the  meeling.  In  his  address  he  speaks  of  the. large  contributions 
of  Edinburgh  geologists  to  geological  science  and  dwells  at 
length  upon  the  prominent  influence  of  the  views  of  Hutton. 
Other  Presidential  addresses  were  by  Professor  Lapworth,  of  the 
Geological  Section,  on  some  general  facts  in  the  earth^s  develop- 
ment; Professor  James  Geikie,  President  of  the  Geographical 
Section,  on  the  origin  of  coast  lines ;  Professor  Schuster,  of  the 
Physical  Section,  on  the  progress  in  Physical  Science  during  the 
past  year ;  Professor  Wm.  Rutherford,  of  the  section  on  Biology, 
on  the  current  theories  regarding  our  sense  of  color.  These  and 
other  Presidential  addresses  and  reports  of  papers  will  be  found 
in  the  numbei*s  of  Nature  for  the  month  of  August  and  beyond. 

3.  On  the  periodic  variations  in  Glaciers,  The  following  is 
from  a  recent  communication  by  Prof.  Forel,  published  in  Nature 
of  August  18. — The  preparatory  study  which  we  have  made 
within  the  last  few  years  has  shown  us  that  the  periodicity  of 
glacial  variations  is  much  longer  than  was  formerly  believed  to 
be  the  case ;  the  popular  dictum  that  the  increase  in  the  size  of 
glaciers  recurs  every  seven  years  is  certainly  incorrect.  We  can- 
not yet  give  definite  figures,  but  probably  the  cycle  of  glacial 
variation  is  as  much  as  35  to  50  years.  The  latter  period  alone 
has  been  studied  attentively;  if  1850  or  1855  be  fixed  upon  as 
the  epoch  of  maximum  of  glaciers,  they  have  been  steadily 
decreasing  in  past  years,  so  that  from  1870  to  1875  we  were  not 
aware  of  a  single  one  on  the  increase.  In  1 875  the  Glacier  des 
Bossons  du  Mont  Blanc  gave  the  signal  for  a  new  period  by 
commencing  to  lengthen  out;  it  was  allowed  in  1878  and  1879 
by  the  glaciers  of  Trient  and  Zigiorenove ;  then  successively  by 
some  thirty  glaciers  in  different  valleys  of  Le  Valais;  but  the  phase 
of  increase  is  not  yet  general  in  Le  Valais ;  a  number  of  large 
glaciers,  AroUa,  Otemma,  Corbassi^re,  Le  Gorner,  Le  Rhone,  are 
still  decreasing  or  stationary.  It  is  only  of  the  Mont  Blanc 
group  that  the  increase  can  be  said  to  be  general ;  in  Le  Valais 
it  is  in  process  of  development,  and  we  are  still  very  far  from  the 
maximum  stage  of  glaciei-s.  If,  as  is  probable,  the  maximum 
only  arrives  at  the  commencement  of  next  century,  the  actual 
period  of  glaciers  will  have  lasted  more  than  fifty  years. 

4.  Florida  J  South  Carolina  and  Canadian  I'hosphates ;  by 
C.  C.  Hayes  Millar.  224  pp.  8vo.  1892.  New  York  (The 
Scientific  Publishing  Co.). — As  the  preface  states,  this  book  is 
addressed  to  those  who  are  commercially  interested  in  phosphates, 
and  treats  of  their  mode  of  occurrence,  methods  and  cost  of  pro- 
duction, and  commercial  importance.  It  contains  maps  of  the 
phosphate  regions  of  Florida  and  South  Carolina,  and  will  be 
found  a  valuable  work  by  those  for  whom  it  has  been  prepared. 
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Art.  XLII. — Restorations  of  Ciaosaurus  and  Ceratosaurus  ; 
by  ().  C.  Marsh.    (With  Plates  VI  and  VII.) 

A  NUMBER  of  restorations  of  Dinosanrian  reptiles  have  been 
recently  made  by  the  writer  for  the  United  States  Geological 
Survey,  and  reduced  fiffures  of  several  of  these  have 
already  appeared  in  this  Journal ;  namely,  Brontosaui^s  and 
Stegosaurvs  from  the  Jurassic,  and  Triceratops  from  the 
Cretaceous.*  Two  others  of  interest  are  given  in  the  present 
article;  Ciaosaurus  from  the  Cretaceous,  and  Ceratosaums 
from  the  Jurassic,  as  shown  on  Plates  VI  and  VII.  The 
former  is  a  gigantic  herbivorous  reptile,  a  typical  member  of 
the  Ornithopoda^  and  the  latter  a  large  carnivorous  form  of 
the  Theropoda^  as  these  orders  have  been  defined  by  the 
writer. t  Each  of  these  two  reptiles  is  a  characteristic  example 
of  the  great  order  in  which  it  belongs,  but  both  are  highly 
specialized,  and  present  many  features  not  seen  in  earlier  and 
more  primitive  types.  Their  representatives  in  the  old  world 
are  Iguanodon  and  Megalosaxirus^  although  each  of  the  four 
genera  may  represent  a  distinct  family. 

It  is  especially  fortunate  that  each  of  the  restorations  here 
presented  is  based  upon  the  remains  of  a  single  individual  in 
which  both  the  skull  and  skeleton  were  found  in  position,  and 
in  remarkable  preservation.  Additional  remains,  apparently 
identical  with  each,  have  also  been  secured,  and  these  have 
cleared  up  several  points  which  otherwise  might  have  been 
left  in  doubt.  These  various  remains  have  already  been 
described  by  the  writer,  and  the  most  important  parts  figured. 

*Thia  Journal,  vol.  xli,  p,  339,  April,  lvS91;  and  vol.  xlii,  p.  179,  August,  1891. 
t  Ibid.,  vol.  xxi,  p.  423,  May,  1881 ;  and  vol.  xxlii,  p.  84,  January,  1882. 

Am.  Jour.  Soi.—Third  Series,  Vol.  XLIV,  No.  262. — October,  1892. 
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Claosaurus,  Marsli,  1890.* 

The  most  important  feature  in  the  restoration  of  Claosaurus 
annectens  ffiven  on  Plate  VI  is  the  skull,  which  will  be  fully 
described  elsewhere,  but  its  main  features  may  be  noticed  here. 
This  skull  is  long  and  narrow,  with  the  facial  portion  especially 
produced.  The  anterior  part  is  only  moderately  expanded 
transversely,  thus  differing  from  that  of  Iladrosanrus 
{Diclonius)^  a  nearly  allied  form.  Seen  from  the  side,  the 
skull  of  Claosauvus  shows  a  blunt,  rugose  muzzle,  formed 
above  by  the  premaxillary  and  below  by  the  predentar\%  both 
probably  covered  in  life  with  a  thick,  corneous  integument 

Behind  the  upper  part  of  this  muzzle  is  an  enormous  lateral 
cavity,  which  includes  the  narial  orifice,  but  was  evidently  occu- 
pied in  life  mainly  by  a  nasal  gland,  somewhat  like  that  in  the 
.  existing  Monitor,  and  also  seen  in  some  Birds.  This  cavity  is 
bounded  externally  by  the  nasal  bone  and  the  preraaxillary. 
The  orbit  is  very  large,  and  subtriangular  in  outline.  It  is 
formed  above  by  the  prefrontal,  frontal,  and  postfrontal,  and 
below  mainly  by  the  jugal.  There  are  no  supra-orbital  bones. 
A  distinct  lachrymal  forms  a  portion  of  the  anterior  border. 
The  infra-temporal  fossa  is  large,  and  bounded  below  by  the 
jugal.  There  is  a  thin  quadrato-jugal  between  the  jugal  and 
quadrate.  The  occipital  condyle  is  directed  backward  and 
downward. 

The  nasals  are  very  long  and  slender,  and  in  front  are 
separated  by  the  narrow  superior  processes  of  the  premax- 
illaries.  Tlie  frontals  are  short  and  broad,  and  somewhat 
concave  above.  The  parietals  are  firmly  coossified,  and  very 
small,  forming;  a  thin  partition  between  the  supra- temporal 
fossae.  The  latter  are  bounded  posteriorly  by  the  massive 
squamosals,  which  contain  a  deep  cavity  for  the  head  of  the 
quadrate,  and  also  overlap  the  exoccipitals. 

The  striking  features  of  the  lower  jaw  are  the  massive, 
rugose  predentary,  the  large  and  powerful  dentary  bone  with 
its  robust  coronoid  process,  and  the  very  small  angular  and 
articular  bones. 

The  teeth  are  confined  entirely  to  the  maxillary  and  dentory 
bones.  They  closely  resemble  those  of  Ila^irosaurus^  are 
arranged  in  the  same  manner,  and  appear  to  be  equally 
numerous.t  They  were  well  adapted  to  a  diet  of  soft  succulent 
vegetation. 

•This  Journal,  vol.  xxxix.  p.  423,  May,  1890;  vol.  xliii,  p.  453,  May,  1892: 
and  vol.  xliv,  p.  171,  August,   1892. 

t  The  description  given  by  Cope  of  the  skull  of  ffadrosawits  (Diclonius)  jnirab- 
ilviy  Leidy,  ia  erroneous  in  various  important  points.  Among  the  more  serious 
errors  are  the  following :  the  predentary  bone  is  mistaken  for  the  dentary,  the 
dentary  is  regarded  as  the  surangular  and  as  the  splenial,  while  the  squamosal  if 
called  the  parietal.     Sec  Proc.  l^hil.  Acad.,  1883,  p.  97,  plates  iv-vii. 
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The  main  characters  of  the  vertebral  colaran  of  Claosaurus 
are  well  shown  in  the  restoration.  There  are  thirty  vertebrae 
between  the  skull  and  sacrum,  nine  in  the  sacrum,  and 
about  sixty  in  the  tail.  The  whole  vertebral  column  was 
found  in  position  except  the  terminal  caudals,  which  are  here 
represented  in  outline.  The  cervical  vertebrse  are  strongly 
opisthocoelian,  and  the  first  eleven  have  short  ribs.  The 
dorsals  are  also  opisthocoelian.  There  are  no  true  lumbar 
vertebrse,  as  the  last  of  those  in  front  of  the  sacrum  support 
fi*ee  ribs.  The  anterior  candals  are  opisthocoelian.  The  first 
and  second  have  no  chevrons.  Behind  these,  the  chevron 
bones  are  very  long,  indicating  a  powerful,  compressed  tail, 
well  adapted  for  swimming. 

In  the  median  dorsal  region,  between  the  ribs  and  the 
neural  spines,  are  numerous  rod-like  ossified  tendons,  which 
increase  in  number  in  the  sacral  region  and  along  the  base  of 
the  tail,  and  then  gradually  diminish  in  number  and  size, 
ending  at  about  the  thirty-fifth  caudal.  These  ossified  tendons 
are  well  shown  in  the  restoration,  and  are  of  much  interest. 
They  are  not  unlike  those  in  Iguanodon  described  by  Dollo, 
but  as  a  rule  are  more  elongate,  and  appear  to  lack  the  definite 
arrangement  in  rhomboidal  figures  observed  in  that  genus.* 

The  fore  limbs  are  unusually  small  in  comparison  with  the 
posterior,  and  the  relative  size  of  the  two  is  well  shown  in 
the  restoration.  The  scapular  arch  presents  many  points  of 
interest.  The  scapula  is  large,  and  so  much  curved  that  its 
shaft  is  nearly  at  right  angles  to  the  articular  faces  of  its  lower 
extremity.  On  the  anterior  margin,  above  the  articulation  for 
the  coracoid,  is  a  strong  protuberance,  with  a  well-defined  facet, 
adapted  to  the  support  of  the  clavicle,  if  such  a  bone  were 
present.  The  coracoid  is  very  small,  and  is  perforated  by  a 
large  foramen.  The  two  peculiar  bones  now  generally  re- 
garded as  belonging  to  the  sternum  were  not  cocissified. 

The  humerus  is  comparatively  short.  The  radius  and  ulna 
are  much  elongated,  the  latter  being  longer  than  the  humerus, 
and  the  radius  about  the  same  length.  The  ulna  has  a 
prominent  olecranon  process,  and  is  a  stouter  bone  than  the 
radius.  The  carpal  bones  were  quite  short,  and  appear  to  have 
been  only  imperfectly  ossified.  The  fore  foot,  or  manus,  was 
very  long,  and  contained  three  functional  digits  only.  The 
first  digit  was  rudimentary,  the  second  and  third  were  nearly 
equal  in  length,  the  fourth  was  shorter  and  less  developed,  and 
the  fifth  entirely  wanting,  as  shown  in  Plate  VI. 

In  the  functional  digits  (II,  III,  IV),  the  phalanges  are 
elongate,  thus  materially  lengthening  the  fore  foot.  The  ter- 
minal phalanges  of  these  digits  are  broad  and  flat,  showing 

*  Arcliives  de  Biologie,  tome  vii,  p  249,  Gand,  1886. 
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that  they  were  covered  with  hoofs,  and  not  with  c]aw&  The 
limb. as  a  whole  was  thus  adapted  to  locomotion  or  support, 
and  not  at  all  for  prehension,  although  this  might  have  been 
expected  from  its  small  size  and  position. 

The  elongation  of  the  fore  arm  and  manus  is  a  peculiar 
feature,  especially  when  taken  in  connection  with  the  ungulate 
phalanges.  It  may,  perhaps,  be  explained  by  supposing  that 
the  animal  gradually  assumed  a  more  erect  position  until'  it 
became  essentially  a  biped,  while  the  fore  limbs  retained  in  a 
measure  their  primitive  function,  and  did  not  become  prehen- 
sile, which  was  the  (tase  in  some  allied  forms. 

The  pelvis  has  already  been  described  by  the  writer.  Its 
most  notable  features  are  seen  in  the  pubis  and  ischium,  the 
former  having  a  very  large  expanded  prepubis  with  the 
postpubis  rudimentary,  while  the  shaft  of  the  ischium  is 
greatly  elongated. 

The  femur  is  long,  and  the  shaft  nearly  straight.  The  great 
trochanter  is  well  developed,  while  the  third  trochanter  is  large 
and  near  the  middle  of  the  shaft.  The  external  condyle  of 
the  distal  end  is  projected  well  backward,  indicating  great 
freedom  of  motion  at  the  knee. 

The  tibia  is  shorter  than  the  femur,  and  has  a  prominent 
cnemial  crest.  The  distal  end  is  much  flattened,  and  the 
astragalus  is  closely  adapted  to  it  The  fibula  is  very  straight, 
with  its  lower  end  flattened  and  closely  applied  to  the  front 
of  the  tibia.  The  calcaneum  is  large,  with  its  concave  upper 
surface  closely  fitted  to  the  end  of  the  fibula.  Of  the  second 
row  of  tarsals,  only  a  single  one  appears  to  be  ossified,  and 
that  is  very  small  and  thin,  and  placed  between  the  calcaneum 
and  the  fourth  metatarsal,  nearly  or  quite  out  of  sight. 

The  hind  foot,  or  pes,  had  but  three  digits,  the  second,  third, 
and  fourth,  all  well  developed  and  massive.  The  terminal 
phalanges  were  covered  with  broad  hoofs.  The  first  and  fifth 
digits  were  entirely  wanting. 

All  the  limb  bones  in  Glaosa%Lrus  are  solid,  thus  distinguish- 
ing it  from  HadrosauriLS,  The  separate  ischium,  not  coossified 
with  the  pubis,  the  absence  of  a  fourth  digit  in  the  hind  foot, 
and  other  marked  characters,  also  make  the  genus  distinct 
from  Pterojpelyx^  the  skull  of  which  is  not  known. 

The  reptile  here  restored  was  nearly  thirty  feet  in  length 
when  alive,  and  about  fifteen  in  height  in  the  position  repre- 
sented in  Plate  VI.  The  remains  were  obtained  by  Mr.  «L  B. 
Hatcher  and  Mr.  A.  L.  Sullins,  in  the  Ce.ratops  beds  of  the 
Laramie,  in  Wyoming.  Among  the  associated  fossils  are  the 
gigantic  TriceraU>ps  and  Torosaurus^  which  were  also  herbiv- 
orous Dinosaurs,  and  with  them  were  found  the  diminutive 
Cretaceous  mammals  recently  described  by  the  writer. 
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CeratosauruSy  Marsh,  1884.* 

In  the  same  horizon  of  the  Jurassic  in  which  Brontosaurus 
and  Stegosarus  were  found,  the  skeleton  restored  in  Plate  VII 
was  likewise  discovered.  It  is  a  typical  carnivorous  Dinopaur 
of  moderate  size,  and  doubtless  was  one  of  the  various  enemies 
of  the  large  herbivorous  forms.  The  restoration  represents 
the  reptile  one-thirtieth  natural  size,  and  in  a  position  it  must 
have  freqnently  assumed. 

The  skull  of  Geratosaurus  nasicomis  is  very  large  in 
proportion  to  the  rest  of  the  skeleton.  The  posterior  region 
is  elevated,  and  moderately  expanded  transversely.  The  facial 
portion  is  elongate,  and  tapers  gradually  to  the  muzzle.  Seen 
from  above,  the  skull  resembles  in  general  outline  that  of  a 
crocodile.  The  nasal  openings  are  separate  and  lateral,  and 
are  placed  near  the  end  of  the  snout,  as  shown  in  Plate  VII. 

Seen  from  the  side,  this  skull  appears  Lacertilian  in  type, 
the  general  structure  being  light  and  open.  From  this  point 
of  view,  one  special  feature  of  the  skull  is  the  large,  elevated, 
trenchant  horn-core  situated  on  the  nasals.  Another  feature  is 
the  large  openings  on  the  side  of  the  skull,  four  in  number. 
The  first  of  these  is  the  anterior  nasal  orifice ;  the  second,  the 
very  large  triangular  antorbital  foramen ;  the  third,  the  large 
oval  orbit;  and  the  fourth,  the  still  larger  lower  temporal 
opening. 

The  parietal  bones  are  of  moderate  size,  and  there  is  no 
parietal  foramen.  The  median  suture  between  the  parietals  is 
obliterated.  The  frontal  bones  are  rather  short,  and  are 
closely  united  on  the  median  line.  The  nasal  bones  are  more 
elongate  than  the  frontals,  and  are  firmly  cocissified.  These 
bones  support  the  large,  compressed,  elevated  horn-core,  on 
the  median  line.  The  lateral  surface  of  this  elevation  is  very 
rugose,  and  furrowed  with  vascular  grooves.  It  evidently 
supported  a  high,  trenchant  horn,  which  must  have  formed  a 
most  powerful  weapon  for  offense  and  defense. 

The  premaxillaries  are  separate,  and  each  contained  three 
functional  teeth.  The  maxillary  bones  are  large  and  massive, 
as  shown  in  Plate  VII.  They  are  provided  each  with  fifteen 
functional  teeth,  which  are  large,  powerful,  and  trenchant, 
indicating  clearly  the  ferocious  character  of  the  animal  when 
alive.  These  teeth  have  the  same  general  form  as  those  of 
Megalosauncs^  and  the  dental  succession  appears  to  be  quite 
the  same.  Above  the  antorbital  foramen  on  either  side  is 
a  high  elevation  composed  of  the  prefrontal  bones.  These 
protuberances  would  oe  of  service  in  protecting  the  orbit, 
which  they  partially  overhang. 

•This  Journal,  vol.  xxvii,  p.  329,  April,  1884:  and- vol.  xxviii,  p.  161,  August, 
1884. 
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The  lower  jaws  of  Ceraiosaurus  are  large  and  powerful, 
especially  in  the  posterior  part.  In  front,  the  rami  are  much 
compressed,  and  they  were  joined  together  by  cartilage  only. 
There  were  iifteen  teeth  in  each  ramus,  similar  in  form  to 
those  of  the  upper  jaws. 

The  cervical  vertebrae  of  Ce7*atosaurus  differ  in  type  from 
those  in  any  other  known  reptiles.  With  the  exception  of  the 
atlas,  all  are  strongly  opisthocoelian,  the  cup  on  the  posterior 
end  of  each  centrum  being  unusually  deep.  In  place  of  an 
equally  developed  ball  on  the  anterior  end,  there  is  a  perfectly 
flat  surface.  The  size  of  the  latter  is  such  that  it  can  only  be 
inserted  a  short  distance  in  the  adjoining  cup.  This  peculiar 
articulation  leaves  more  than  three-fourths  of  the  cup  unoccu- 
pied by  the  succeeding  vertebra,  forming,  apparently,  a  weak 
joint. 

The  dorsal  and  lumbar  vertebrae  are  bi-concave,  with  only 
moderate  concavities.  The  sides  and  lower  surface  of  the 
centra  are  deeply  excavated,  except  at  the  ends.  All  the  pre- 
sacral vertebrae  are  very  hollow,  and  this  is  also  true  of  the 
anterior  caudals. 

There  are  five  well  coossified  vertebrae  in  the  sacrum  of  the 
present  specimen  of  Ceratosaurus  nasicomis.  The  transverse 
processes  are  very  short,  each  supported  by  two  v.ertebne,  and 
they  do  not  meet  at  their  distal  ends.  The  caudal  vertebrae 
are  bi-concave.  All  the  anterior  caudals,  except  the  first,  sup- 
ported very  long  chevrons,  indicating  a  high,  thin  tail,  well 
adapted  to  swimming.  The  tail  was  quite  long,  and  the  distal 
caudals  were  very  short. 

The  scapular  arch  of  Ceratosaurus  is  of  moderate  size,  but 
the  fore  limbs  are  very  small.  The  humerus  is  short,  with  a 
strong  radial  crest.  The  radius  and  ulna  are  also  very  short, 
and  nearly  equal  in  size.  The  carpal  bones  were  only  imper- 
fectly ossified.  There  were  four  digits  in  the  fore  foot,  and 
all  were  armed  with  sharp  claws.  The  second  and  third  digits 
were  much  larger  than  the  first  and  fourth,  and  the  fifth  was 
entirely  wanting. 

The  pelvic  arch  of  Ceratosaurus  is  of  special  interest.  In 
the  type  specimen  here  restored,  the  ilium,  ischium,  and  pubis, 
on  each  side,  are  firmly  coossified.  The  ilia,  moreover,  are 
attached  to  the  sacrum,  which  was  in  place  in  the  skeleton. 
The  ilia  have  the  same  general  form  as  in  Megalosauru^,  The 
ischia  are  comparatively  slender.  They  project  well  backward, 
and  for  the  last  half  of  their  length  the  two  are  in  close  appo- 
sition. Their  distal  ends  are  coossified  and  expanded,  as  shown 
in  Plate  VII. 
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The  pubes  have  their  distal  ends  coossified,  and  expand  into 
an  elongate,  massive  foot,  which  is  one  of  the  most  character- 
istic parts  of  the  skeleton.  It  is  probable  that  this  foot  in 
connection  with  the  distal  ends  of  the  ischia  served  to  support 
the  body  in  sitting  down.  That  some  Triassic  Dinosaurs  sat 
down  on  their  ischia  is  proved  conclusively  by  the  impressions 
in  tlie  Connecticut  River  sandstone.  In  such  cases,  the  leg 
was  bent  so  as  to  bring  the  heel  to  the  ground.  The  same 
action  in  the  present  reptile  would  bring  the  foot  of  the  pubes 
to  the  ground,  nearly  or  quite  under  the  center  of  gravity  of 
the  animal.  The  legs  and  ischia  would  then  naturally  aid  in 
keeping  the  body  balanced.  Possibly  this  position  was  assumed 
habitually  by  these  ferocious  biped  reptiles,  in  lying  in  wait 
for  their  prey. 

The  femnr  is  much  curved,  and  the  shaft  very  hollow.  The 
tibia  is  shorter  than  the  femur,  nearly  straight,  and  has  a  large 
cnemial  crest.  The  astragalus  is  not  coossified  with  the  tibia, 
and  has  a  strong  ascending  process.  The  fibula  is  well  devel- 
oped, and  neany  straight,  its  distal  end  fitting  into  the  cal- 
caneum.  The  tarsals  of  the  second  row  are  very  thin,  and 
united  to  the  metatarsals  below  them. 

The  most  interesting  feature  in  the  extremities  of  this 
Dinosaur  is  in  the  metatarsal  bones,  which  are  completely 
ankylosed,  as  are  the  bones  of  the  pelvis.  There  are  only 
three  metatarsal  elements  in  each  foot,  the  first  and  fifth 
having  apparently  disappeared  entirely.  The  three  metatar- 
sals remaining,  which  are  the  second,  third,  and  fourth,  are 
proportionally  shorter  and  more  robust  than  in  the  other 
known  members  of  the  Theropoda^  and  being  firmly  united 
to  each  other,  they  furnish  the  basis  for  a  very  strong  hind 
foot.  The  phalanges  of  the  hind  feet  are  of  moderate  length, 
and  most  of  them  are  quite  hollow.  The  terminal  phalanges 
evidently  supported  strong  and  sharp  claws. 

The  unique  cervical  vertebrae,  the  cor)ssification  of  the  pelvic 
bones,  and  the  union  of  the  metatarsals,  as  in  modern  Birds, 
distinguish  Veratosaitrus  widely  from  all  other  Dinosaurs,  and 
make  it  the  type  of  a  well-marked  family,  the  CeratoHauridaK 
The  nearest  allied  form  is  apparently  Ornithomimus^  from  the 
Laramie,  recently  described  by  the  writer. 

The  type  specimen  of  CeraiomurxLs  was  about  twenty-two 
feet  long  when  alive,  and  tw^elve  feet  high  as  here  restored.' 
It  was  found  by  Mr.  M.  P.  Felch,  in  the  Atlantosaurus  beds 
of  the  upper  Jurassic  in  Colorado.  The  associated  fossils  were 
mainly  other  Dinosaurs,  especially  Sauropoda  and  Oniithopoda^ 
together  with  various  small  mammals. 

New  Haven.  Conn.,  September  22,  1802. 
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Art.  XLIII. — Restoration  of  Mastodon  ArnericantLs^  Cuvier; 
by  O.  C.  Marsh.     (With  Plate  VIII.) 

The  great  abundance  and  good  preservation  of  the  remains 
of  the  American  Mastodon  have  led  to  various  restorations  of 
the  skeleton.  The  best  known  of  these  is  that  made  by  Prof. 
Richard  Owen,  in  1846,  based  upon  a  skeleton  from  Missouri 
now  in  the  British  Museum.*  Another  restoration  was  made 
a  few  years  later  by  Dr.  J.  C.  "Warren,  based  mainly  on  a  very 
perfect  skeleton  from  Orange  county,  JS"ew  York.f .  This 
skeleton  is  now  preserved  in  the  Warren  Museum  in  Boston. 
A  third  restoration  was  made  by  Prof.  James  Hall,  from  a 
skeleton  found  at  Cohoes,  New  York,  and  now  in  the  State 
Museum  of  Natural  History,  in  Albany.:]:  These  restorations 
are  all  of  importance,  and  taken  together  have  made  dear  to 
anatomists  nearly  all  the  essential  features  of  the  skeleton  of 
this  well-known  species. 

Additional  discoveries  have  since  brought  to  light  more 
perfect  specimens,  one  of  w;hich,  now  in  the  Yale  Museum,  is 
perhaps  in  the  best  preservation  of  any  skeleton  of  the  Ameri- 
can Mastodon  yet  discovered,  and  tnis  has  been  used  by  the 
writer  in  the  restoration,  one  thirty-second  natural  size,  given  on 
Plate  YI,  which  is  reduced  from  a  large  drawing  made  for 
the  United  States  Geological  Survey. 

The  position  chosen  in  this  restoration  is  one  which  seems 
especially  fitted  to  bring  out  the  massive  proportions  of  the 
animal,  and,  at  the  same  time^  to  show  nearly  all  the  charac- 
teristic features  of  the  entire  skeleton.  The  animal  as  thus 
represented  was,  when  alive,  about  twelve  feet  in  height,  and 
perhaps  twenty-four  feet  in  length  including  the  tusks. 

This  animal  was  fully  adult,  as  the  last  molars  above  and 
below  are  in  place  and  somewhat  worn.  The  epiphyses  of 
the  vertebrsB,  moreover,  are  nearly  all  coossified  with  the 
centra,  and  in  some  of  them,  the  sutures  are  obliterated.  The 
epiphyses  are  also  firmly  united  to  the  limb  bones. 

The  tusks  were  very  large,  and  considerably  divergent. 
There  were  no  inferior  tusks,  and  no  traces  of  their  alveoli 
remain.  The  penultimate  and  last  molars  are  present  above 
and  below  in  tine  preservation,  the  former  considerably  worn. 

Other  features  of  this  skeleton,  and  especially  the  various 
new  anatomical  points  it  discloses,  will  be  discussed  by  the 
writer  in  another  communication. 

New  Haven,  Conn.,  September  23,  1892. 

♦British  fossil  Mammals  and  Birds,  figure  l(»2,  p.  298,   London,  1846. 

t  Description  of  a  skeleton  of  the  Mastodon  giganleus  of  North  America,  plate 
xxvii,  Boston,  1852. 

J  Report  of  the  New  York  State  Cabinet  of  Natural  History'  for  the  year  1867 
plate  vi,  Albany,  1871. 
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Art.  XLIV. —  Unity  of  the  Glacial  Epoch  ;  by  G.  Frederick 

Wright. 

A  DISTINCTION  between  upper  and  lower  "  drift  deposits  " 
had  been  observed  some  time  before  Mr.  CroU  and  Professor 
James  Geikie  formulated  their  plausible  theory  that  the  ellip- 
ticity  in  the  earth's  orbit  was  the  cause  of  the  great  ice  age. 
But  the  publication  of  that  theory  with  the  exceedingly  able 
advocacy  of  two  so  capable  and  eminent  authorities  gave  the 
subject  such  prominence  that  evidences  ai  successive  glacial 
epochs  have  since  been  sought  for  in  every  land,  while  much 
of  that  adduced  has  been  allowed  to  pass  without  as  close 
scrutiny  as  would  seem  desirable.  As  I  have  had  occasion 
frequently  to  review  much  of  this  evidence  both  in  field 
explorations  and  in  the  literature  of  the  subject,  it  may  help  to 
a  better  understanding  of  the  matter  to  give  somewhat  fully 
the  results  of  my  observations  and  study  in  this  direction.  1 
would  premise,  however,  that  I  shall  discuss  merely  the  glacial 
phenomena  of  the  post-tertiary  epoch.  With  the  supposed 
evidence  of  glacial  periods  in  earlier  times,  this  paper  nas  no 
concern  except  in  a  very  general  way. 

At  the  outset,  a  question  will  arise  as  to  what  is  meant  by 
an  "interglacial  epoch."  The  answer  to  this  may  show  that 
some  who  discuss  the  subject  are  merely  considering  the  mean- 
ing of  a  word.  If  every  temporary  recession  of  the  ice  front 
is  looked  upon  as  an  interglacial  period  there  can  be  no  ques- 
tion that  there  have  been  not  merely  two  but  a  great  many 
periods  in  close  succession.  But  the  position  of  most  who 
advocate  a  succession  of  glacial  epochs  is  that  the  continental 
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glacier  retreated,  during  the  interglacial  epoch,  to  such  an 
extent  that  the  glaciated  area  was  as  free  from  ice  as  it  is  at 
the  present  time;  and  that  subsequently  the  conditions  were 
repeated  and  there  was  a  re-advance  to  nearly  the  farthest 
limit  of  the  previous  movement.  It  is  this  view  of  the  case 
which  is  advocated  so  vigorously,  in  this  country  by  Professor 
Chamberlin  and  some  of  his  associates  on  the  United  States 
Geological  Survey,  and  by  Professor  James  Geikie  in  Scotland, 
Professor  Wanschaffe  in  Germany,  Baron  De  Geer  in  Sweden 
and  others.  In  discussing  the  problem  it  will  be  natural  for 
me  to  give  special  prominence  to  the  facts  of  the  American 
field,  and,  with  all  respect  to  individuals  mentioned,  to  the 
discussions  and  reports  of  mj  associates  in  the  explorations  of 
this  country.  But  I  will  not  wholly  neglect  the  facts  of  other 
lands. 

In  approaching  the  subj'ect  it  is  important  to  notice  the  fact 
that  Professor  Chamberlin  inaugurated  his  induction  as  di- 
rector of  the  glacial  division  of  the  United  States  Survey  by 
publishing  a  monograph  on  "  The  Terminal  Moraine  of  the 
Second  Glacial  Epoch,"  thus  assuming  the  truth  of  his^theory 
in  the  title.  In  the  introduction  to  this  paper,  however, 
nothing  could  be  more  indicative  of  the  proper  spirit  with 
which  to  enter  upon  the  discussion,  or  nothmg  more  cordially 
welcoming  discussion,  than  the  following  remarks : 

"Perhaps  no  department  of  geological  investigation  has 
greater  need  of  careful  discrimination  than  that  which  deals 
witli  the  complex  deposits  of  the  Quaternary  age.  Most 
formations  betray  their  origin  in  their  salient  characteristics, 
but  those  of  the  Quaternary  age  are  apparently  capable  of 
diverse  interpretation  if  their  general  nature  alone  is  con- 
sidered. It  is  only  by  critical  discrimination  of  their  special 
and  often  quite  unobtrusive  features  that  they  can  be  deci- 
sively referred  to  the  several  agencies  that  produced  them. 
Most  formations  owe  their  origin  to  the  action  of  some  one 
dominant  agency.  The  Quaternary  deposits  are,  on  the  con- 
trary, the  product  of  a  combination  of  agencies,  the  relative 
work  of  which  is  often  distinguishable  only  with  diflScnlty. 
In  these  discriminations  the  individual  judgment  of  the  inves- 
tigator plays  an  important  part.  The  innuence  of  personal 
fredisposition,  therefore,  is  here  liable  to  be  most  gravely  felt. 
^robably  no  investigator  is  entirely  free  from  the  influence  of 
his  own  preconceptions  and  methods  of  interpretations.  He, 
perhaps,  does  best,  who,  while  duly  appreciating  these  influences 
and  assiduously  applying  checks  for  their  correction,  frankly 
submits  his  methods  of  interpretation  to  the  correction  of 
others." 
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That  Professor  Chamberlin  has  kept  his  mind  open  to 
further  light  is  abundantly  evident  by  comparing  his  account 
of  "  the  terminal  moraine  of  the  second  glacial  epoch,"  in  this 
preliminary  paper,  with  that  which  appears  in  his  later  publi- 
cations, while  at  the  same  time  such  a  comparison  is  suggestive 
of  possible  mistake  in  his  whole  interpretation  of  the  facts 
bearing  on  the  duality  of  the  epoch.  In  this  preliminary 
monograph  (see  pp.  322-326)  the  moraine  is  made  to  corre- 
spond with  the  kettle  moraine  of  Wisconsin,  and  to  hnij 
tne  southern  shore  of  Lake  Michigan,  but  in  the  Seventh 
Annual  Report  of  the  U.  S.  G.  Survey  the  later  glacial  drift  is 
carried  down  to  Bloomington  more  than  a  hundred  miles 
farther  south,  while  at  the  latest  date  Mr.  Leverett  (Am.  Geol. 
July,  1892,  p.  23)  specially  deputed  by  Professor  Chamberlin 
to  look  after  the  moraines,  draws  his  later  moraine  line  one 
hundred  miles  still  farther  south,  through  Litchfield,  Hillsboro, 
Pana,  Shelbyville,  Mattoon,  Charlestown,  Paris  and  Terre 
Haute.  From  other  information  I  have  evidence  that  proba- 
bly this  moraine  will  have  to  be  carried,  at  least,  twenty-five 
miles  still  farther  south  to  Greenville,  which  will  be  less  than 
80  miles  from  the  extreme  limit  of  glaciation  as  determined 
by  me.  From  this  it  seems  not  unlikely  that  in  the  near 
future  the  closer  observation  which  has  found  an  exterior 
moraine  200  miles'  farther  south  than  was  at  first  supposed  to 
mark  the  limit  of  the  second  age,  may  carry  it  fifty  or  sixty 
miles  farther  south  still,  which  would  be  all  that  it  is  necessary 
to  make  the  extreme  boundary  stand  related  to  the  moraine 
there  as  it  does  throughout  the  eastern  part  of  the  Mississippi 
Valley.  This  result  is  the  more  likely  to  occur  since  for  a 
hundred  miles  or  more  the  whole  border  of  the  glaciated  area 
in  the  valley  of  the  Mississippi  is  so  deeply  covered  with 
loess  that  the  determination  oi  moraine  deposits  is  peculiarly 
difiicult.  Mr.  Leverett  has  already  found  twelve  receding 
moraines  in  Ohio — the  outer  one  extending  to  within  a  few 
miles  of  the  glacial  boundary.  When  as  many  are  found  in 
Illinois  it  will,  at  the  existing  rate  of  separation,  carry  the  line 
as  near  the  border  in  that  State. 

The  facts  pointing  toward  a  separation  of  the  glacial  period 
into  two  distinct  epochs  are  thus  stated  by  Professor  Cham- 
berlin in  his  monograph  on  the  Driftless  Area  (pp.  214,  215). 
'*  The  earlier  drift  is  characterized  in  the  interior  basin,  [1.]  by 
a  wide  bat  relatively  uniform  distribution,  manifesting  only 
occasional  and  feeble  tendencies  to  aggregation  in  morainic 
ridges.  [2.]  It  is  not  bordered,  except  in  rare  instances,  by  a 
definite  terminal  moraine,  but  ends  in  an  attenuated  border. 
[3.]  It  is  not  characterized  by  the  prevalence  of  prominent 
drumlins  or  other  similar  ridged  aggregations.     [4.]  The  phe- 
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nomena  of  glacial  erosion  connected  with  it  are  generally 
feeble.  Glacial  strise  are  indeed  present,  even  in  the  periphe- 
ral portion,  but  the  surface  of  the  rock  is  not  usually  exten- 
sively planed.  [5.]  The  whole  aspect  of  the  deposit  indicates 
an  agency  which  spread  the  drift  over  the  surface  smoothly, 
and  relatively  gently,  with  little  forceful  action.  The  drainage 
phenomena  are  also  of  the  gentle  order.  We  have  yet  failed 
to  find  evidence  of  very  vigorous  drainage  connected  with  the 
older  drift  of  the  interior  basin  except  in  osars  and  kames, 
whose  conditions  of  formation  were  exceptional,  but,  on  the 
contrary,  abundant  proof  of  slow-moving  waters  and  imper- 
fect drainage,  indicating  low  slope  of  the  surface. 

"  The  later  glacial  epoch,  on  the  contrary,  was  characterized 
by  strong  glacial  action,  planing  the  rock  surface  vigorously, 
even  up  to  the  very  limit  of  its  advance.  The  glaciers  ploughed 
up  immense  moraines  about  their  edges,  except  on  smooth  plains 
wnose  slope  was  away  from  the  ice  movement.  The  drainage 
was  usually  vigorons,  and  imme.nse  trains  of  glacial  gravel 
stretch  away  from  the  margin  of  the  ice-sheet,  reaching  great 
distances  down  the  valleys  and  frequently  filling  them  to  great 
depths  with  well  assorted  material.  The  vigorous  action  of  the 
glaciers  of  the  second  epoch  and  the  rapid  drainage,  in  general 
stand  in  marked  contrast  with  the  gentle  action  and  imperfect 
drainage  of  the  earlier  epoch.  One  of  the  conditions  that 
determined  the  distinction  was  probably  the  difference  in  ele- 
vation that  characterized  the  two  epochs. 

"  The  interval  between  these  two  leading  epochs  we  regard 
as  the  chief  interglacial  epoch,  representing  a  greater  lapse  of 
time  and  a  greater  change  in  the  dynamic  agencies  of  the  age 
than  the  several  other  interglacial  intervals,  or  episodes  of  de- 
glaciation,  which  mark  the  complicated  history  of  the-  ice  age. 

6.  "  As  belonging  to  the  earlier  glacial  epoch,  we  recognize 
two  drift  sheets  that  have  been  described  by  the  geologists  of 
the  respective  states  as  occurring  in  Southwestern  Ohio,  South- 
ern Indiana,  Central  and  Southern  Illinois,  Eastern  and  South- 
ern Iowa,  Northern  Missouri,  Eastern  Nebraska,  and  South- 
eastern Minnesota. 

"  Between  these  occur,  at  numerous  points,  vegetal  and  fer- 
ruginous accumulations,  and  other  evidences  of  a  non-glacial 
interval.  To  this  horizon  belong  the  larger  number  of  deposits 
described  under  the  term  'old  forest  bed,'  but  very  many 
vegetal  deposits  so  referred  do  not,  in  our  judgment,  belong 
there,  but  are  referable  to  several  distinct  horizons." 

7.  Another  supposed  proof  of  a  glacial  period  long  preced- 
ing that  during  which  the  moraine  of  the  so-called  "  second 
glacial  epoch  "  was  deposited  is  the  greater  oxidation  of  the 
glacial  drift  south  of  this  moraine.     Tnis  is  prominently  men- 
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tioned  by  Professor  Salisbury  as  among  the  features  "long 
since  recognized  by  Professor  Ghamberlin  "  and  which  "  have 
been  made  use  of  by  him  and  his  assistants  in  field  determina- 
tion." (Bull.  Geol.  Soc.  Am.,  vol.  iii,  pp.  181,  182.  Also  An- 
nual Report  of  the  State  Geologist  of  New  Jersey  for  1891, 
pp.  103-108.)  Contrasting  the  earlier  with  the  later  drift  as 
seen  at  Little  York,  Oxford  Furnace,  High  Bridge  and  Patten- 
burg  (points  from  three  to  fifteen  miles  south  of  the  moraine  as 
laid  down  by  the  New  Jersey  Report  of  1878),  Professor  Salis- 
bury says,  *' While  the  one  exhibits  oxidation,  leaching  and 
disintegration  in  an  advanced  stage  of  development  even  to  its 
base,  where  it  is  thirty  feet  thick,  the  other  has  not  suffered 
oxidation  and  leaching  on  any  such  scale  as  to  make  them 
apparent  more  than  two  or  three  feet  from  the  surface,  and 
the  softest  and  most  easily  disintegrated  varieties  of  rock  often 
present  a  degree  of  freshness  which,  so  far  as  the  eye  can  see, 
might  characterize  masses  of  rock  worked  out  of  their  parent 
ledges  within  the  memory  of  living  men.  We  hold,  there- 
fore, that  this  extra-morainic  drift  represents  the  remnant  of  a 
drift  covering  once  much  more  extensive  and  more  uniformly 
present  than  now,  and  that,  like  the  drift  in  and  north  of  the 
great  terminal  moraine,  it  was  formed  by  an  ice  sheet,  but  by 
an  ice  sheet  which  overspread  New  Jersey  much  earlier  than 
that  which  made  the  terminal  moraine  and  the  main  body  of 
drift,  which  lies  north  of  it."  (N.  J.  Ann.  Rep.  1891,  p.  105.) 
Similar  remarks  are  repeated  in  even  more  confident  tone  in 
the  Bulletin  of  the  Geological  Society  already  referred  to. 

8.  Another  indication  of  the  great  separation  in  time  be- 
tween the  first  and  the  second  glacial  period,  adduced  by 
Professor  Chamberlin,  presents  itself  in  the  extent  of  erosion 
which  he  supposes  to  have  taken  place  in  the  river  valleys  ex- 
tending southward  from  the  glaciated  area,  since  the  upper 
terraces  containingglacially  transported  material  were  formed. 
(Some  Additional  Evidences  bearmg  on  the  Interval  between 
the  Glacial  Epochs,  Bull.  Geol.  Soc.  Am.,  vol.  i,  pp.  469-480.) 
In  the  Mississippi  Valley  the  upper  terrace  assigned  by  Pro- 
fessor Chamberlin  to  the  first  glacial  period  consists  of  the  fine 
silt  or  loess  deposited  on  bluils  about  200  feet  above  the  present 
river  bottom.  Between  the  deposition  of  this  silt  and  the  sec- 
ond glacial  epoch,  according  to  Professor  Chamberlin,  a  trench 
about  300  feet  in  depth  and  about  sixty  miles  wide  was  eroded 
by  the  Mississippi  all  the  way  from  Cairo  to  the  Gulf,  "  with 
corresponding  erosion  trenches  along  the  upper  branches  dur- 
ing the  interval  between  the  two  epochs"  (p.  471).  In  the 
upper  Ohio  valley  these  high  level  terraces  correspond  to  what 
I  had  assigned  to  the  effects  of  the  supposed  glacial  dam  at 
Cincinnati.     In  the  valleys  of  the  Susquehanna  and  the  Dela- 
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ware  tliev  correspond  to  what  Lewis  denominated  the  Phila- 
delphia Ked  Gravel  and  Brick  Clays,  and  what  McGee  calls 
Columbia. 

9.  Finally,   strong  confirmatory  evidence  of  a  long   inter- 

frlacial  epoch  is  supposed  to  come  from  the  desiccation  of  the 
akes  which  have  occupied  the  great  arid  basin  in  the  United 
States  west  of  the  Rocky  Mountains,  of  which  Lakes  Bonne- 
ville and  Lahontan  are  examples. 

Taking  up  these  points  in  the  order  mentioned  it  may  be 
noticed — 

1.  That  on  either  theory  the  glacial  deposits  near  the  mar- 
gin are  the  older,  and  may  be  a  great  deal  older  than  those 
farther  back.  How  long  the  glacial  conditions  continued  is  an 
open  question,  as  is  also  that  of  how  slowly  it  retreated  daring 
its  various  stages,  though  it  probably  was  prettv  rapid  as  com- 
pared with  the  advance.  Again,  it  is  as  much  in  place  for  the 
advocate  of  the  unity  of  the  fflacial  period  to  suppose  a  sabsi- 
dencc  in  the  valley  of  the  Mississippi  and  elsewhere  at  the 
time  of  the  climax  and  during  the  earlier  retreat,  coupled  with 
a  re-elevation  towards  the  close,  as  for  the  advocates  of  duality 
to  suppose  the  same  earth  movements  in  connection  with  two 
periods.  Therefore  the  "  relatively  uniform  distribution  "  of 
the  marginal  drift,  may  be  accounted  for  on  one  theory  as  well 
as  on  the  other.  On  either  theory  the  marginal  drift  has  been 
longer  subjected  to  erosive  and  leveling  agencies,  and,  on 
account  of  the  submergence  during  the  climax  of  the  period, 
the  deposition  of  loess  has  done  much  to  disguise  the  surface 
features.  I  can  cite  a  locality  near  Yankton,  S.  Dakota, 
where  the  original  irregularity  of  the  morainic  drift  was  com- 
pletely disguised  by  the  superficial  water  deposits  which  were 
altogether  above  the  reach  of  any  present  stream.  Kettle 
holes  have  there  been  filled  up  with  silt  and  were  only  re- 
vealed in  the  process  of  obtaining  the  sand  for  commercial 
purposes.  At  Sarahsville,  in  Williamson  County,  Illinois, 
within  a  few  miles  of  the  extreme  border  of  glacial  deposits 
there  is  a  section  showing  ten  feet  of  loess  upon  the  surface 
underlaid  by  twenty  feet  of  till  containing  granitic  bowlders 
two  and  a  half  feet  in  diameter.  (See  my  report  in  Bull.  Geol. 
Surv.,  No.  58,  p.  71,  on  Southern  Illinois.)  Until  all  that  region 
is  explored  with  much  more  minuteness  than  it  has  been  so  far, 
it  is  proper  to  regard  the  generalizations  which  are  made  about 
it  with  a  good  deal  of  allowance  for  the  personal  equation  of 
the  observer. 

2.  The  fact  that  the  oldest  part  of  the  glaciated  region  "  is 
not  bordered  by  a  definite  terminal  moraine,  but  ends  in  an 
attenuated  border,"  is  only  another  way  of  stating  the  fact 
which  Lewis  and  I  began  to  urge  upon  the  attention  of  the 
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public  ten  years  ago  during  the  early  part  of  our  investiga- 
tions. In  the  map  of  the  glacial  boundary  prepared  for  my 
volume  on  The  Ice  Age  in  North  America  (p.  175),  the  legend 
for  the  line  marking  the  border  of  the  glaciated  area  west  of 
Pennsylvania,  is  not  "  terminal  moraine,"  but  simply  "  southern 
limit  of  the  ice  sheet."  East  of  that  point,  indeed,  a  moraine 
is  marked  as  the  boundary,  but  emphatic  attention  is  called, 
both  in  my  own  language  and  in  that  of  Professor  Lewis,  to 
the  probability  that  here  also  an  unexplored  border  of  thinner 
glaciated  material  is  to  be  found  south  of  the  moraine.  (Ice 
Age,  p.  135.)  Eecent  observations  enable  me  to  determine 
the  extent  of  this  "  fringe "  as  we  proposed  to  call  it,  in  the 
Delaware  and  Susquehanna  valleys,  and  to  give  an  entirely  dif- 
ferent interpretation  to  certain  facts  in  that  region  from  that 
proposed  by  Professor  Salisbury  in  support  of  his  theory  of  a 
prolonged  interglacial  period.  Of  this  1  will  speak  under  No.  7. 
SuflBce  it  here  to  say  that  the  word  "fringe"  seems  a  fair  term 
to  apply  to  such  a  bordering  formation  whose  character  is  still 
in  dispute.  Professor  Chamberlins  phrase,  "attenuated  bor- 
der," would,  however,  be  equally  good.  But  to  insist  on  call- 
ing it  the  drift  of  the  first  glacial  epoch  is  to  beg  the  whole 
question  in  the  terms  chosen,  and  tends  to  serious  confusion  of 
tne  public  mind  as  to  what  the  facts  really  are.  The  facts  are 
well  stated  in  the  sentence  quoted  from  Professor  Chamberlin. 
But  it  would  seem  that  occasionally  in  the  discussion  inferences 
are  mistaken  for  facts  of  observation.  For  example,  it  is  pretty 
generally  assumed  in  the  discussion  that  originally  there  was  a 
much  greater  amount  of  drift  over  the  attenuated  border  than 
there  is  now  and  that  this  has  largely  disappeared  by  erosion. 
But  there  does  not  seem  to  be  adequate  ground  for  this  sup- 
position. A  pronounced  terminal  moraine  is  by  no  means  a 
necessary  result  of  an  ice  occupation.  The  extent  of  the  de- 
posits of  till  and  other  morainic  material,  depends  in  large 
measure  upon  the  amount  of  ice  movement  which  has  actually 
reached  a  given  point,  which,  in  turn,  depends  on  the  time 
during  which  the  front  of  the  ice  remained  stationary  at  a 
given  point.  If  there  was  a  gradual  approach  to  a  given  boun- 
dary and  a  gradual  retreat  after  a  pause  of  moderate  length  we 
could  not  expect  a  large  accumulation  of  drift.  It  is  too  often 
forgotten  that  the  ice  movement  diminishes  to  zero  at  the  very 
bonier  and  that  for  some  distance  back  of  the  border  all  the 
effects  of  the  movement  are  specially  feeble.  A  fringe  of 
direct  glacial  deposit  would,  therefore,  seem  to  be  the  normal 
result  near  the  border.  By  "fringe"  is  meant  an  "atten- 
uated border"  of  direct  deposits  from  land  ice  such  as  might 
naturally  occur  near  the  limit  of  an  ice  invasion.  This,  which 
was  at  first  supposed  to  be  characteristic  only  of  the  Mississippi 
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Valley,  is  now  found  to  be  equally  characteristic  of  the  region 
east  of  the  Allegheniea 

3.  The  lack  of  druinlins  and  other  ridged  accumulations 
along  the  glaciated  border  need  indicate  only  a  small  amount 
of  ice  movement  over  the  region,  or  a  depressed  slack  condi- 
tion of  drainage  which,  as  already  stated,  may  be  supposed  in 
case  of  one  glacial  period  as  well  as  of  two. 

4.  The  feebleness  of  glacial  erosion  over  the  fringe  follows 
from  the  reasons  already  stated.  Of  course  there  was  less 
movement  over  the  fringe  than  farther  back.  Still  that  there 
was  some  vigorous  movement  close  to  the  very  margin  is 
shown  by  the  glacial  striae  which  I  have  reported  from  Car- 
bondale,  111.  and  from  St.  Louis,  Mo.  (See  Bull.  Qeol.  Surv.,  No. 
58,  pp.  71-73).  Dr.  Max  Foshay  has  also  discovered  very  pro- 
nounced groovings  in  Western  Pennsylvania  in  the  area  cov- 
ered by  the  fringe  several  miles  south  of  the  moraine  as  there 
laid  down  bv  Professor  Lewis  and  myself. 

5.  The  firth  point  is  in  part  a  mere  repetition  of  the  Brst, 
and  to  some  extent  the  reply  will  be  the  same.  The  slack 
drainage  indicated  in  the  deposits  near  the  border  was  caused 
probably  by  the  changes  of  level  which  have  been  connected 
with  the  Champlain  epoch.  A  part  of  this  evidence  of  slack 
drainage  is  found  along  the  Susquehanna  and  Delaware  Val- 
leys, in  the  Columbia  deposits  of  Mr.  McGee.  A  natural  sup- 
position is  that  the  climax  of  the  period  was  characterized  by 
a  depression  of  land  considerably  greater  than  is  indicated  by 
the  level  of  the  deposits  in  the  Champlain  Valley  at  the  time 
of  the  disappearance  of  the  ice.  But  as  this  point  involves  a 
theory  concerning  the  cause  of  the  period  ana  of  the  changes 
of  level  attending  it,  a  few  paragraphs  may  well  be  devoted 
to  a  fuller  statement  of  the  reasons  for  believing  that  a  sub- 
sidence may  naturally  be  supposed  to  have  attended  the  climax 
of  the  epoch  on  the  supposition  that  it  was  single. 

Whatever  subsidiary  aid  the  eccentricity  of  the  earth's  orbit 
may  provide  for  the  production  of  glacial  conditions,  there  is 
now  little  doubt  that  the  ice  age  was  introduced  and  closed 
by  marked  changes  of  level,  both  in  North  America  and  in 
Northern  Europe.  The  fiords  which  characterize  the  coast  of 
Norway,  and  which  are  brought  to  light  by  the  sounding  line 
along  both  the  Atlantic  and  the  l^acific  coast  of  North 
America  bear  striking  witness  to  the  extent  of  this  elevation 
during  the  period  just  preceding  the  glacial  epoch.  (See 
Appendix  to  The  Ice  Age  in  N.  A  by  Warren  Upham.)  So 
great  was  this  late  Pliocene  elevation  that  it  seems  to  many 
that  it  might  have  been  suflScient  to  have  produced  the  glacial 
conditions  of  the  succeeding  age  even  without  the  aid  of  astro- 
nomical changes.     An  elevation  of  3,000  feet  would  probably 
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be  safficient,  and  this  is  much  less  than  we  know  has  occarred 
in  central  Earope  since  Miocene  times.  Miocene  shells  are 
found  on  the  Alps  and  Pyrenees  at  an  elevation  of  more  than 
10,000  feet.  An  elevation  of  our  glaciated  region  in  its 
northern  parts  of  3,000  feet  is  therefore  not  out  of  analogy 
with  the  movements  during  contiguous  eras. 

Supposing  therefore  the  elevation  of  the  region  south  of 
Hudson  Bay  to  amount  to  3,000  feet,  this  would  provide  the 
conditions  necessary  for  the  beginning  of  an  ice  age.  But 
when  guch  a  career  is  once  started  it  is  diflScult  to  imagine  how 
it  can  stop,  for  the  accumulation  of  ice  at  once  lowers  the 
temperature  and  adds  to  the  elevation  of  the  surface  of  the 
plateau  on  which  it  rests;  thus  tending  to  increase  the  depres- 
sion of  the  land.  The  ice  piles  up  and  makes  an  elevation  of 
its  own,  additional  to  that  of  the  land,  and  overloads  it  with 
its  own  weight. 

There  is  certainly  much  plausibility  in  the  supposition  that 
the  subsidence  which  accompanied  the  glacial  period,  and 
from  which  the  continents  have  not  yet  Fully  recovered,  was 
in  part  due  to  the  weight  of  the  ice  piled  up  over  the  glaciated 
area.  The  conditions  were  then  unique  in  the  geological 
history  of  the  earth.  About  4,000,000  square  miles  of  terri- 
tory in  the  northern  part  of  North  America  and  about  half 
that  amount  in  Northern  Europe  were  covered  with  ice  aver- 
aging, probably,  three-quarters  of  a  mile  in  depth,  making  in 
all  5,500,000  cubic  miles  of  ice  whose  weight  had  first  been 
abstracted  from  ocean  beds,  thus  relieving  the  pressure  there, 
and  then  centered  over  a  restricted  area  at  the  north.  The 
relative  extent  of  this  disturbance  of  equilibrium  can  be 
appreciated  only  by  comparing  this  mass  of  ice  with  the  solid 
contents  of  that  portion  of  the  continent  which  is  above  ocean 
level.  The  mean  elevation  of  North  America  above  the  sea 
is  estimated  by  Wallace  (Island  Life,  p.  205)  to  be  748  feet, 
while  the  total  area  is  less  than  9,000,000  square  miles.  This 
would  give  about  1,300,000  cubic  miles  of  land  in  North 
America  above  the  water  level,  as  against  3,000,000  cubic 
miles  of  ice  over  the  northern  half  ot  the  continent  during 
the  climax  of  the  glacial  period.  Taking  the  specific  gravity 
of  the  rocks  as  two  and  a  half  times  that  of  ice,  the  total 
weight  of  ice  piled  up  over  British  America  and  the  Northern 
United  States,  at  the  time  referred  to,  was  nearly  equal  to 
that  of  the  whole  land  surface  of  the  continent  which  is  above 
sea  level.  That  this  enormous  change  in  the  distribution  of 
weight  and  pressure  on  the  surface  of  the  earth  should  occur 
without  any  effect  on  the  configuration  of  the  globe  is  difficult 
to  believe.  When  therefore  we  find  that  extensive  changes  in 
level  seem  actually  to  have  been  correlated  with  this  loading 
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and  unloading  of  the  strata  which  took  place  daring  the  pro- 
gress of  the  glacial  age,  it  is  not  a  wholly  unwarranted  step  in 
reasoning  to  connect  the  two  as  cause  and  effect  The  sap- 
position,  therefore,  of  a  marked  subsidence  of  the  northern 
part  of  the  continent  contemporaneous  with  the  climax  of 
the  period  is  a  fair  one  to  use  in  explanation  of  the  complex 
phenomena  of  the  time. 

To  appreciate  the  degree  of  probability  attending  the  ex- 
planation, however,  it  is  important  to  consider  still  more 
closely  the  natural  operation  of  the  forces  at  work.  Upon 
doing  this  it  is  evident  that  glacial  conditions  would  continae 
some  time  after  the  land  subsidence  had  begun.  For  a  long 
period  the  accumulation  of  ice  might  be  faster  than  the  sub- 
sidence of  the  plateau  on  which  it  rested.  The  anticlimax, 
when  the  melting  began  to  proceed  faster  than  the  accuniala- 
tion,  was  doubtless  reached  only  after  a  very  prolonged  period. 
But  when  the  tide  of  affairs  had  really  turned  and  the  land 
had  begun  to  rise  the  melting  of  the  ice  had  also  progressed 
to  a  great  extent  and  the  final  ending  up  of  the  period  and 
the  return  of  the  land  to  a  higher  level  doubtless  proceeded 
with  great  relative  rapidity.  On  this  provisional  hypothesis 
most  of  the  facts  indicating  slack  drainage  during  the  deposi- 
tion of  the  marginal  deposits  will  be  as  readily  explained  as 
on  that  of  two  distinct  epochs  with  different  attitudes  of  land 
level  during  their  existence. 

6.  The  occurrence  of  vegetal  and  ferruginous  accumulations 
between  successive  strata  of  glacial  deposits,  has  long  attracted 
wide  attention.  At  first  these  were  taken  to  indicate  inter- 
glacial  periods  of  wide  extent  and  of  long  separation  in  time. 
The  occurrence  of  such  deposits  seems  to  be  still  the  chief 
reliance  of  many  European  geologists,  as  well  of  some  in  this 
country,  for  belief  in  successive  glacial  periods.  Professor 
Chamberlin,  however,  is  not  among  those  who  place  nndae 
reliance  upon  this  class  of  evidence,  as  the  quotation  from  him 
already  given  shows ;  for  in  his  judgment  very  many  of  the 
vegetal  deposits  occurring  in  the  till  "are  referable  to  several 
distinct  horizons."  The  hazard  of  inferring  a  prolonged  inter- 
glacial  epoch  from  such  deposits,  also  very  forcibly  appears  in 
view  of  some  recent  facts  brought  to  light  by  study  of  the 
glaciers  of  Alaska. 

In  this  Journal  for  January,  1887  (pp.  1 1  to  15,  more  folly 
stated  in  The  Ice  Age  of  N.  A.,  pp.  51-62),  I  have  given  the 
facts  concerning  certain  buried  forests  at  the  moutn  of  the 
Muir  Glacier  which  are  standinj^  in  undisturbed  strata  of  sand 
and  gravel,  from  which  the  ice  is  slowly  withdrawing.  I 
adduced  evidence  also  to  show  that  the  ice  front  had  with- 
drawn several  miles  during  the  present  century,  uncovering 
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forest  beds  on  its  way.  These  inferences  have  been  fully  con- 
firmed by  the  investigations  of  Professors  Eeid  and  Cnshing 
who  spent  the  summer  of  1890,  on  the  same  ground  (see  Na- 
tional Geographic  Magazine  for  March,  1892,  and  The  Ameri- 
can Geologist  for  Oct.,  1891).  Indeed  Professor  Eeid's  photo- 
graphs show  that  the  ice  front  had  receded  3,000  feet  during 
the  four  years  interyening  between  our  visits  and  he  is  con- 
fident that  the  glacier  has  receded  fourteen  miles  during  the 
century.  These  observations  reveal  also  unexpected  rapidity 
in  the  movements  of  great  glaciers  and  remarkable  capacity  of 
ice  in  certain  conditions  to  creep  over  unsolidified  strata  of 
sand  and  gravel  without  disturbing  them.  From  the  rapidity 
with  which  both  forests  and  ocean  fauna  follow  up  a  retreat- 
ing ice  front  where,  as  in  this  case,  it  debouches  into  an  arm 
of  the  sea,  it  is  clear  that  two  or  three  centuries  are  suflBcient 
to  produce  a  forest  bed  of  considerable  extent  with  all  its 
accompaniments  of  glacial  deposits  below  and  above. 

In  addition  to  this  Mr.  Eussell  (National  Geographic  Maga- 
zine, vol.  iii,  p.  92,  Am.  Geologist,  March  and  May,  1892 ; 
and  this  Journal,  March,  1892)  reports  from  the  great  Mala- 
spina  glacier,  whose  foot  spreads  out  over  an  area  of  1,500 
square  miles  on  the  low  lands  southeast  of  Mt.  St.  Elias,  that 
on  the  belt  of  morainic  accumulations  which  conceal  the  ex- 
treme margin  of  the  glacier  for  a  width  of  five  miles  or  more 
there  is  a  dense  forest  growth.  This  forest  has  every  appear- 
ance of  considerable  age.  It  consists  principally  of  spruce 
trees,  some  of  which  are  three  feet  through,  but  there  are 
many  alders  "and  a  great  variety  of  shrubs  and  bushes,  to- 
gether with  rank  ferns  which  grow  so  densely  that  one  can 
scarcely  force  a  passage  through  them."  (This  Journal,  p. 
178.)  In  many  places  this  vegetation  is  on  a  moraine  which 
is  underlaid  by  ice  not  less  than  a  thousand  feet  in  thickness. 
These  forests  appear  also  on  the  north  border  of  the  glacier. 
The  whole  area  of  ice  observed  by  Mr.  Russell  to  be  covered 
by  forests  was  estimated  at  from  twenty  to  twentj^-five  miles. 
Such  facts  as  these  should  make  us  hesitate  about  attributing 
every  forest  bed  buried  in  glacial  deposits  to  a  distinct  glacial 
period.  In  the  complicated  movements  which  doubtless  at- 
tended the  advance  and  retreat  of  so  vast  an  ice  sheet  there  is 
room  for  the  burial  of  a  great  many  forest  beds,  and  Professor 
Chamberlin  is  doubtless  correct  in  thinking  that  those  discov- 
ered in  the  Mississippi  Valley  may  belong  to  several  different 
horizons.  In  my  "  Ice  Age  "  (pp.  484—488),  I  have  quoted  at 
length  from  the  late  Mr.  Lesquereux  to  show  that  two  or  three 
hundred  years  is  ample  time  to  allow  for  the  accumulations  of 
peat  which  have  been  found  embodied  in  glacial  deposits. 
(See  also  Penn.  Ann.  Geol.  Report  for  1885,  pp.  106  to  114.) 
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From  the  diecassions  in  the  International  Congress  of  Greol- 
ogists  at  Washington  in  1891,  it  would  appear  also  that  a  fair 
share  of  the  European  members  did  not  regard  the  interstrati- 
fied  gravel  deposits  of  North  Germany  as  indicative  of  any- 
thing more  than  a  temporary  oscillation  of  the  ice.  (See  Am. 
Geol.,  Oct.,  1891,  pp.  241  to  247.)  The  "  interglacial  shell 
beds"  at  elevations  of  1,000  and  1,400  feet  above  sea  in 
England  at  Macclesfield  and  Moel  Tryfaen,  have  been  shown 
to  be  shells  pushed  up  from  the  Irish  Sea,  and  washed  out  and 
stratified  in  thin  beds  by  the  local  streams  of  water  accom- 
panying the  departure  of  the  ice  sheet.  (See  my  paper  in 
this  Journal,  Jan.  1892 ;  but  especially  Professor  Kendall's 
comprehensive  discussion  of  the  evidence  in  my  volume  just 
published  by  D.  Appleton  &  Oo.,  entitled  Man  and  the  Glacial 
Period,  pp.  136-182.)  Professor  Lewis's  conjecture  seems  to 
be  amply  sustained  by  subsequent  investigations.  The  evi- 
dence for  a  succession  of  glacial  periods  in  Great  Britain  is 
inconclusive,  while  the  evidence  against  it  is  overwhelming. 
Professor  James  Geikie  has  indeed  recently  returned  to  the 
defence  of  his  favorite  theory  (see  On  The  Glacial  Period 
and  the  Earth  Movement  Hypothesis,  being  a  paper  read 
before  the  Victoria  Institute,  London),  in  which  he  relies 
almost  wholly  upon  evidence  of  successive  glacial  periods  to 
prove  that  the  astronomical  theory,  to  which  we  have  referred, 
IS  the  only  adequate  cause.  His  evidence  is  largely  drawn 
from  interglacial  beds  on  the  continent  of  Europe  containing 
remains  of  plants  and  animals.  The  strongest  instance  ad- 
duced by  him  is  still  that  of  the  interglacial  lignite  beds  of 
Diimten  and  Utznach  in  Switzerland.  But  it  would  seem 
that  the  inference  of  great  oscillations  of  climate  which  he 
draws  from  the  character  of  the  vegetation  composing  the 
lignites  rests  upon  very  uncertain  data.  The  remarks  of  Pro- 
fessor Prestwich  upon  the  deposits  are  of  great  weight : 

"  Admitting  the  fact  that  the  Diirnten  Lignites  rest  on  beds 
of  undoubted  glacial  (ground  moraine)  origin,  and  that  the 
trees  grew  on  the  spot  where  their  stumps  and  remains  are 
found,  it  by  no  means  follows,  as  contended,  that  because 
these  trees  are  all  of  species  now  living  in  Switzerland  that 
the  temperature  was  as  high  as  that  of  Switzerland  at  the 
present  day.  The  Pinus  sylvesU^is^  Abies  excelsa^  the  Tew, 
the  Birch,  and  the  Oak,  flourish  equally  in  Sweden  and  far 
north  in  Siberia,  and  there  is  an  absence  in  the  scanty  Diirnten 
flora  of  those  plants  which,  while  having  a  more  southern 
range,  also  now  live  in  Switzerland.  On  the  other  hand,  there 
is  there  one  species  of  Pinus  {P,  Montana)  which  is  spread 
over  the  mountain  country  up  to  heights  of  7,000  feet,  and  is 
rare  in  the  lowlands,  while  one  of  the  mosses  in  the  lignite  is 
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closely  allied  to  a  species  now  growing  on  the  hills  of  Lap- 
land. The  few  species  of  mammalia  have  a  distinctively  arctic 
facies.  The  ElephaB  primigenins^  E.  antiquua^  the  Uraua 
spdoaus^  and  even  the  Cerviis  elaphua  and  Boa  primigenitiSj 
are  commonly  associated  with  Reindeer,  Musk-ox,  and  other 
arctic  animals  of  cold  post-glacial  times.  Further,  both  the 
trees  and  animals  are  those  of  our  "  forest  bed,"  the  last  land 
survival  before  the  climax  of  the  glacial  period. 

"Is  the  return,  therefore,  of  the  retreating  glacier, — sup- 
posing the  boulder  gravel  above  the  lignites  of  Diimten  to  be 
due  to  direct  ice  action, — to  be  ascribed  to  anything  more  than 
a  comparatively  slight  temporary  change  of  climate,  like  those, 
only  more  marked,  that  now  for  a  succession  of  seasons  cause, 
from  time  to  time,  a  temporary  advance  of  the  glaciers  ?  We 
must  allow,  of  course,  lor  greater  differences,  and  possibly 
longer  intervals  of  time  than  .now  obtain."  (Geology,  vol.  ii, 
pp.  458,  459.) 

I  have  elsewhere  called  attention  to  the  semi-arctic  facies  of 
the  vegetation  found  in  our  own  interglacial  beds.  (See  Ice 
Age  in  N.  America,  pp.  482-496.) 

7.  The  supposed  proof  of  the  great  age  of  the  marginal 
deposits  drawn  from  their  superior  oxidation,  is  partly  an  illu- 
sion of  observers  and  partly  a  normal  result  of  the  fact  that 
the  continental  glacier  moved  over  a  region  which  was  at  the 
start  deeply  covered  with  oxidized  material  derived  from  the 
long  secular  disintegration  which  had  preceded.  The  results 
of  this  secular  disintegration  are  abundantly  evident  every- 
where south  of  the  glaciated  area,  especially  over  the  regions 
containing  granitic  and  gneissoid  rocks.  For  scores  and  some- 
times for  hundreds  of  feet  in  depth  these  rocks  are  frequently 
so  disintegrated  by  the  long  continued  percolation  of  water 
charged  with  acids,  that  the  mass  is  as  loose  in  texture  as  a 
gravel  bank.  (See  especially  "  On  the  Formation  of  Bowlders 
and  the  Origin  of  Drift  Materials  "  by  L.  S.  Burbank,  in  Proc. 
Bost.  Soc.  Is  at.  Hist.,  Nov.  19,  1873  ;  also  a  paper  by  Professor 
Pumpelly,  in  this  Journal,  1879,  pp.  13-14.  A  valuable  sum- 
mary of  discussions  upon  this  important  point  is  given  by  Mr. 
Ralph  S.  Tarr  in  the  American  Geologist  for  July,  1892.) 
Naturally  the  material  first  and  farthest  moved  by  the  ice 
would  be  this  which  was  already  well  oxidized  to  begin  with. 
To  this  cause  there  can  be  little  doubt  is  to  be  ascribed  the 
oxidized  character  of  the  material  contained  in  the  ''  fringe  " 
and  of  that  composing  the  Philadelphia  Red  Gravel  and  Brick 
Clay,  which  is  the  overwash  of  the  ice  sheet  when  it  was  at  its 
climax  and  when  the  drainage  was  sluggish  from  the  differen- 
tial northward  depression  which  characterized  that  portion  of 
the  period. 
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The  extensive  oxidation  spoken  of  by  Professor  Salisbarj 
in  the  quotation  made  from  his  recent  reports  on  the  glacud 
deposits  of  New  Jersey,  is  clearly  of  preglacial  origin.  In 
company  with  Professor  A.  A.  Wright  (a  very  competent 
geologist  and  mineralogist  who  is  familiar  with  the  region  de- 
scribed by  Professor  Salisbury)  I  have,  during  the  past  sum- 
mer, gone  over  the  field  pretty  thoroughly  so  as  to  complete 
work  which  the  late  Professor  Lewis  and  I  had  contemplated 
before  his  death.  The  area  is  that  occupied  by  the  southern 
part  of  Morris  county  and  the  northern  part  of  Hunterdon 
county,  New  Jersey,  and  Northampton  county,  Pennsylvania. 
These  counties  border  the  Delaware  Eiver  below  the  terminal 
moraine  as  delineated  by  the  New  Jersey  geologists  in  1878 
and  by  Professor  Lewis  and  myself  in  1880  and  1881.  Until 
recently  this  moraine  has  stood  as  the  southern  boundary  of 
the  glaciated  region,  and  has  been  regarded  as  a  place  where 
there  was  no  fringe  and  where  the  glacial  moraine  of  what  was 
called  the  '•  second  glacial  epoch"  coincided  with  that  of  the 
first.  It  is  fair  to  say,  however,  that  this  part  of  our  work 
was  done  by  Professor  Lewis  and  myself  at  the  outset  of  our 
attempts  to  trace  the  glacial  boundary  and  that  we  then  shared 
with  others  the  supposition  that  the  boundary  was  everywhere 
marked  by  a  distinct  terminal  moraine. 

But  in  the  progress  of  our  work  we  had  our  attention  called 
more  and  more  to  an  attenuated  border  which  we  called  the 
"  fringe "  and  which  I  have  attended  to  almost  exclusively  in 
my  later  explorations  of  the  boundary  in  the  Mississippi  Val- 
ley. In  commenting  upon  this  fringe  Professor  Lewis  (see  2d 
Penn.  Geol.  Surv.  Kep.,  vol.  Z,  p.  201)  remarks  that  traces  of 
this  "fringe"  may  be  looked  for  in  Pennsylvania  and  New 
Jersey,  and  that  the  impression  had  grown  upon  him  "  that 
this  fringe  is  destined  to  play  an  important  part  in  glacial 
geology."  Professor  Lewis's  early  death  prevented  his  follow- 
ing out  the  clues  already  then  in  mind,  and  I  have  been  unable 
until  the  present  season  to  examine  the  region  with  snfiicient 
care  to  enable  me  confidently  to  say  anything  about  it.  Never- 
theless, in  view  of  what  Mr.  McGee  has  been  writing  about  the 
Columbia  deposits  I  ventured  three  years  ago  to  utter  a  warn- 
ing and  to  suggest  that  he  might  be  drawing  some  unwarranted 
conclusions  from  the  facts  he  was  presenting,  in  view  of  the 
probability  that  some  of  his  facts  belonged  to  the  fringe  which 
Professor  Lewis  and  I  had  overlooked  in  that  region.  (See  Ice 
Age  in  N.  A.,  p.  135.)  I  am  now  able  to  demonstrate  that 
both  Mr.  McGee  and  Professor  Salisbury  have  been  led  astray 
in  their  recent  publications  by  their  failure  to  notice  some  of 
the  characteristics  of  the  "  fringe  "  in  the  Delaware  valley. 
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The  true  glacial  deposits  in  the  Delaware  valley  below  the 
Water  Gap  can  be  readily  traced  by  the  distribution  of  Medina 
sandstone  which  forms  the  crest  of  Blue  Ridge,  rising  every- 
where as  a  solid  wall  about  1,000  feet  above  the  country  to 
the  south.     This  is  a  very  characteristic  and  enduring  rock. 


Map  oi  the  Delaware  valley  in  the  vicinity  of  the  Terminal  Moraine. 

and  forms  a  large  part  of  the  moraine  in  the  counties  men- 
tioned. South  of  the  moraine,  on  the  New  Jersey  side  of  the 
Delaware,  within  a  distance  of  fifteen  miles,  there  are  three 
low  mountain  ridges  (Scott's,  Pohatcong  and  Musconetcong) 
separated  by  valleys.  These  ridges  and  valleys  run  northeast 
by  southwest  parallel  with  Blue  Ridge.  The  mountains  con- 
sist of  gneissoid  rocks,  and  are  evidently  the  remnants  of  three 
anticlinals  which  were  once  covered  with  strata  of  Lower  Silu- 
rian limestone  and  Hudson  River  slate,  remnants  of  which  ap- 
pear both  in  the  hollows  between  the  ridges  and  on  both  the 
north  and  their  south  flanks  of  the  ridges  as  a  whole.  South 
of  Musconetcong  Mountain  stretch  the  Triassic  red  sliales 
which  cover  so  much  of  the  central  part  of  New  Jersey.     But 
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in  this  portion  of  the  state  there  has  been  absolutely  no  trans- 
portation of  northern  material  out  upon  the  Triassic  shales, 
showing  that  no  glacial  movement  here  ever  passed  Muscon- 
etcong  Mountain. 

These  Archaean  ridges  everywhere  exhibit  remarkable  effects 
of  secular  disintegration.  Gneissoid  bowlders  are  creeping 
down  their  sides  in  all  directions  of  slope,  and,  in  favorable 
places  for  observation,  the  rock  is  seen  to  be  disintegrated  to  a 
great  depth.  Many  cuts  show  that  the  softer  material  is  wash- 
ing out  and  working  down  toward  the  valley,  and  leaving 
the  harder  masses  to  follow  at  a  slower  rate.  Doubtless 
the  original  height  of  the  mountain  has  been  thus  reduced 
thousands  of  feet,  thus  entirely  removing  the  covering  of 
lime  and  slatestone.  We  have  here  now  but  the  cores  of 
the  original  ranges.  But  guided  by  the  material  trans- 
ported by  what  we  may  call  the  Delaware  River  lobe  of  the 
ice  sheet,  we  find  that  in  the  vicinity  of  the  river  the  ice 
actually  overran  Scott's  Mountain  as  far  east  certainly  as 
Bethel,  and  left  Medina  bowlders  in  considerable  numbers  in 
the  Pohatcong  Valley  near  Washington.  The  actually  trans- 
ported material  here  cannot  be  distinguished  in  its  oxidation 
from  that  in  the  moraine^  north  of  Oxford  Furnace.  The  oxi- 
dation of  which  Professor  Salisbury  speaks  at  Oxford  Furnace 
and  Little  York  is  the  secular  oxidation  which  we  have 
described  as  characterizing  the  whole  mountain.  But  with 
this  local  material  at  the  places  mentioned  there  is  mingled  on 
the  surface  a  considerable  deposit  of  the  northern  rocks 
belonging  to  the  fringe.  The  ice  here  barely  went  over 
Scott's  Mountain  to  Washington.  It  did  not  here  cross  Po- 
hatcong Mountain  so  as  to  reach  Musconetcong  Mountain. 

Nearer  the  river,  however,  it  crossed  the  low  Pohatcong 
ridge  also  and,  at  one  point,  about  five  miles  south  of  Philips- 
burgh,  reached  a  col  in  Musconetcong  Mountain,  landing 
there  a  good  many  Medina  bowlders,  and  allowing  some  of 
them  to  be  carried  down  a  small  streamlet  on  the  south  side 
which  for  a  time  offered  an  outlet  for  the  drainage  in  that 
direction.  That  the  ice  did  not  extend  farther  is  shown  by 
the  fact  that  there  is  absolutely  no  transported  material  out  on 
the  Triassic  rocks  beyond  the  influence  of  this  little  stream, 
and  in  the  case  of  that,  the  Medina  pebbles  have  all  worked 
down  towards  the  Delaware  River. 

On  the  west  side  of  the  Delaware,  below  the  moraine, 
there  is  a  similar  extension  of  the  phenomena  of  the  fringe ; 
as  there  is  also  in  the  Valley  of  the  Susquehanna  below  Ber- 
wick. To  obtain  the  sections  of  these  river  valleys  civen  by 
Mr.  McQee  to  prove  a  subsidence  in  that  region  oi  several 
hundred  feet  during  the  Columbia  (Philadelphia  Brick  Clay) 
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period  (see  this  Journal,  vol  cxxxv,  pp.  376-379)  he  has  cer- 
tainly gone  above  the  boundary  of  the  fringe,  and  confounded 
direct  glacial  deposits  with  those  made  by  the  flooded  streams 
of  the  period. 

At  Pattenburg  and  High  Bridge  there  are  cuts  in  deposits 
which  at  first  look  very  much  like  true  till,  and  they  have  been 
adduced  by  Professor  Salisbury  as  unquestionable  instances  of 
its  occurrence  at  these  points,  which  demonstrate  by  the  oxida- 
tion its  great  age.  But  a  fact  which  Professor  Salisbury  failed 
to  notice  would  seem  to  be  fatal  to  his  theory.  There  is  no 
foreifi:n  material  in  the  cuts ;  at  least  Professor  A.  A.  Wright 
and  I  could  not  find  any.  All  the  fragments  of  the  rock  found 
in  them  are  from  the  strata  which  have  demonstrably  been  in 
place  in  the  mountain,  and  may  have  worked  down  in  the 
course  of  the  slow  disint^ration  to  which  it  has  been  subjected 
since  the  beginning  of  Mesozoic  time.  An  additional  proof 
of  this  is  that  there  is  a  significant  cessation  of  Medina  bowl-, 
ders  before  reaching  the  north  side  of  Musconetcong  Moun- 
tain in  the  vicinity  of  both  these  places.  There  are,  it  is  true, 
in  the  deposits  many  pieces  of  slate  which  are  scratched  a£r  in 
true  till,  and  very  rarely  there  is  a  bowlder  of  gneissoid  rock 
which  shows  faint  scratches  on  some  of  its  faces.  But  in  all 
these  cases  it  is  impossible  to  tell  whether  the  scratching  has 
been  done  by  an  ice  movement  or  by  land  slides  and  by  the 
slower  process  of  "creep,"  which  is  everywhere  going  on  in 
the  i*egion.  In  both  these  places  the  mountain  in  close  proxim- 
ity rises  several  hundred  feet  above  the  deposits,  and  bowlders 
are  creeping  down  from  them.  Taking  the  whole  situation 
into  view  it  seems  far  more  probable  that  these  deposits  are 
the  product  of  the  degrading  agencies  at  work  in  wearing  down 
the  mountain  than  that  a  northern  ice  sheet  should  have  sud- 
denly ceased  to  deposit  Medina  bowlders  upon  reaching  the 
vicinity  of  this  mountain,  unless  the  ice  ceased  to  move  any 
farther.  If  there  h^d  ever  been  any  such  amount  of  Medina 
sandstone  mingled  with  local  material  as  is  found  in  the  moraine 
at  Oxford,  or  at  Little  York,  no  lapse  of  time  could  have  elim- 
inated it.  For  this  sandstone  is  far  more  enduring  than  the 
slate  of  which  there  are  so  many  fragments  both  at  High 
Bridge  and  Pattenburg.  The  evidence  relied  upon  by  Pro- 
fessor Salisbury  from  the  excessive  oxidation  of  these  deposits 
is  thus  seen  to  be  illusory.     He  has  misread  the  facts. 

8.  The  most  weighty  considerations  favoring  the  duality  of 
the  glacial  period  are  found  under  the  eighth  head.  Yet 
it  is  more  than  possible  that  the  apparent  conclusiveness  arises 
from  an  incomplete  comprehension  of  the  facts  which  con- 
fessedly are  of  a  very  complicated  character,  and  but  imper- 
fectly known. 

Air.  JoxTB.  Soi.— Thibd  Sebibb,  Yol.  XLIY,  No.  263.~Noy£MBeb,  1892 
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In  the  present  state  of  evidence  as  made  known  to  the 
general  scientific  public  it  is  difficnlt  to  discuss  the  progress  of 
events  since  the  beginning  of  the  glacial  period  in  the  lower 
Mississippi  Valley.  But  according  to  Professor  Chamberlin 
what  is  called  the  Orange  Gravel  and  has  heretofore  been 
regarded  as  of  glacial  age,  is  preglacial.  It  does  not  contain 
granitic  pebbles.  His  study  oi  the  deposit  also  convinces  him 
that  it  was  originally  continuous  over  the  entire  trough  which 
has  a  width  of  about  sixty  miles  (Bull.  Geol.  Soc.  Am.  p.  471). 
The  only  relic  of  the  earlier  glacial  deposits  which  he  would 
recognize  over  this  area  is  the  silt  which  everywhere  caps  the 
Orange  Sand  and  extends  beyond  it  to  the  east.  This  he 
would  connect  with  the  loess  in  the  upper  part  of  the  valley 
extending  to  the  moraines.  Apparently  he  does  not  regard 
this  silt  as  a  deep  water  deposit  but  as  a  deposit  spread  out  over 
a  vast  flood  plain  when  the  drainage  was  slack  both  from  a  de- 
pression northward  and  from  the  previous  filling  up  of  the 
trough  by  the  Orange  Sand.  But  granting  that  this  is  the  cor- 
rect intei-pretation  oJ  the  phenomena,  it  is  difficult  to  see  how 
the  erosion  is  shown  to  be  '*interglacial."  If  that  depressed 
condition  of  things  occurred  at  the  climax  of  the  period,  why 
may  not  the  erosion  simply  gauge  the  time  since  that  climax  ? 
I  will,  however,  leave  others  more  familiar  with  the  facte  to 
discuss  the  various  assumptions  underlying  the  argument  from 
the  Lower  Mississippi,  and  turn  to  the  problem  of  erosion  and 
deposition  in  the  valley  of  the  Ohio  River  of  which  I  have 
more  personal  knowledge. 

In  brief  the  facts  are  that  the  Ohio  occupies  a  trough,  from 
three  to  five  hundred  feet  in  depth  and  averaging  from  a 
half  mile  to  a  mile  in  breadth,  which  has  been  eroded  from 
nearly  parallel  strata  of  Palaeozoic  time.  Nor  does  the  present 
depth  of  the  trough  represent  the  whole  extent  of  erosion. 
The  channel  is  filled  with  gravel  to  a  depth  of  from  fifty  to 
a  hundred  feet  or  more  below  the  low  water  mark.  Two 
sets  of  terraces  containing  granitic,  and  therefore  glacial,  drift 
mark  this  trough  all  the  way  from  Louisville  to  the  headwaters 
of  the  Allegheny  River  up  to  a  level  between  1,000  and  1,100 
feet  above  tide.  The  lower  terrace  is  continuous  and  is  definitely 
traced  up  all  the  northern  tributaries  to  the  terminal  moraine 
and  is  much  higher  and  coarser  near  the  moraine,  and  wherever 
tributaries  come  into  the  Ohio  from  the  glaciated  region,  than 
it  is  below.  This  terrace  rises  at  its  hignest  points  to  about 
120  feet  above  low  water  mark,  that  being  the  height  at  Cin- 
cinnati and  at  the  mouth  of  Beaver  Creek  in  Western  Penn- 
sylvania. Evidently  the  channel  was  at  various  places  origin- 
ally filled  up  to  this  height  so  as  to  raise  the  water  level  by 
that  amount  all  the  distance  above  Cincinnati. 
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The  second  series  of  terraces  connected  with  the  glacial 
period  occur  in  various  oxbows  and  on  numerous  shelves  of 
rock  bordering  the  channel  at  elevations  of  from  200  to  300 
feet  above  the  present  river  level  and  at  about  1,000  feet  above 
tide.  Two  of  the  best  known  localities  are  Bollevue  about 
five  miles  below  Pittsburgh,  and  Parker  about  thirty  miles  up 
the  AUeghenv  from  Pittsburgh. 

The  glacial  terrace  at  Bellevue  is  300  feet  above  the  river, 
and  is  supported  by  a  shelf  of  rock  about  one  half  mile  wide. 
At  Parker  the  glacial  deposits  are  in  a  deserted  oxbow  of  the 
river  formed  when  the  level  was  200  feet  higher  than  now. 
Up  the  Monongahela  River  there  are  corresponding  terraces  to 
which  Professor  I.  0.  White  has  called  attention  which  are  at 
about  the  same  absolute  level,  and  entirely  above  the  regular 
river  terraces  which  have  been  formed  in  process  of  the  lower- 
ing of  the  channel.  One  of  the  chief  differences  between 
these  high-level  terraces  on  the  two  rivers  is  that  those  on  the 
Allegheny  have  granitic  pebbles  derived  from  the  glaciated 
region  while  those  on  the  Monongahela  do  not.  Professor 
Wnite  describes  extensive  areas  where  this  mantling  of  what 
seems  like  a  lacustrine  deposit,  consisting  of  pebbles,  and  de- 
posits of  clay  sometimes  thirty  feet  thick,  containing  fresh 
leaves,  characterizes  the  Monongahela  up  to  a  level  of  from 
1,000  to  1,100  feet  and  there  suddenly  cease.  . 

Professor  Chamberlin  maintains  that  these  high-level  ter- 
race deposits  are  merely  the  remnants  of  flood  plains  when  the 
whole  drainage  level  was  at  that  elevation.  As  a  corollary  to 
this  he  contends  that  the  drainage  level  was  at  that  height  at 
the  time  of  the  first  glacial  epoch,  admitting  of  the  distribution 
of  the  granitic  pebbles  in  the  Allegheny  drift,  and  that  the 
erosion  of  the  Ohio  gorge  below  that  level  (i.  e.  to  a  depth  of 
about  250  feet  for  a  distance  of  about  1,000  miles  as  the  water 
runs)  was  eroded  during  the  interglacial  epoch.  To  that  first 
epoch  he  would  also  attribute  the  glacial  deposits  on  the  south 
side  of  the  Ohio  opposite  Cincinnati  which  1  had  adduced  as 
rendering  it  probable  that  there  was  an  ice  dam  across  the 
river  at  that  point.  Professor  Chamberlin,  on  the  contrary, 
supposes  these  deposits  to  have  been  made  so  much  earlier  than 
those  a  short  distance  north  of  Cincinnati  that  the  interval  is 
marked  by  the  whole  erosion  of  the  gorge  of  the  Ohio  through 
its  whole  extent. 

I  was  not  present  at  the  discussion  of  the  Cincinnati  ice  dam 
at  the  Geological  Society  a  year  ago.  But,  from  what  has  been 
published  since,  it  is  evident  that  the  last  word  has  not  yet  been 
said  about  it  Mr.  Leverett  in  particular  has  attempted  to  corre- 
late some  of  the  clay  and  loess  deposits  in  southeastern  Indiana, 
with  deposits  of  similar  character  in  Illinois,  attributing  both  to 
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the  earlier  glacial  period  daring  its  slackened  drainage.  Bat  he 
does  not  seem  to  have  dnly  considered  the  facts  which  I  have 
presented  making  probable  an  obstrnction  of  the  channel  of  the 
Ohio  near  Madison,  Indiana,  in  Jefferson  and  Eipley  Coanties 
which  might  well  account  for  the  facts  in  that  part  of  the 
state  most  like  those  in  Southern  Ohio.  (See  Bull.  U.  S.  Geol. 
Surv.,  58,  pp.  65,  66.)  Something  more  than  similar  microscop- 
ical results  must  be  relied  on  to  demonstrate  chronological 
identity  of  deposits. 

The  theory  of  a  somewhat  prolonged  obstruction  of  the 
channel  at  Cincinnati  by  ice  has  received  strong  confirmation 
in  Professor  James's  investigations,  going  to  show  that  the  pre- 
glacial  channel  of  the  Ohio  rail  at  Cincinnati  still  farther  north, 
following  upthe  valley  of  Mill  Creek  until  it  joined  the  Big 
Miami  near  Hamilton.  At  any  rate  it  is  certain  that  the  Ohio 
did  not  in  preglacial  times  flow  in  its  present  channel  from 
Cincinnati  to  the  mouth  of  the  Great  Miami,  for  I  am  in- 
formed by  Mr.  Charles  J.  Bates,  inspector  of  masonry  for  the 
Cincinnati  Southern  Railroad  whose  bridge  crosses  the  river 
just  below  the  city,  that  bedded  rock  was  found  by  him  a  few 
feet  below  the  present  bottom  of  the  river  extending  across  its 
whole  width.  But  at  Hamilton  in  the  valley  of  the  Miami 
where  the  depression  of  Mill  Creek  joins  it,  the  rock  bottom 
is  as  much  as  ninety  feet  below  the  level  of  the  bottom  of  the 
Ohio  at  Cincinnati.  This  northern  bend  of  the  river  in  pre- 
glacial times  adds  greatly  to  the  argument  from  direct  evidence 
of  a  prolonged  ice  dam  there.  The  gorge  for  several  miles 
below  Cincinnati  is  comparatively  narrow  and  its  erosion  in 
good  part  may  perhaps  measure  postglacial  time. 

In  all  this  discussion  it  should  be  borne  in  mind  that  we 
cannot  assume  an  absolutely  constant  level  of  the  land  in  the 
region  of  the  Upper  Ohio  Valley.  Indeed,  the  subsidence 
proved  by  the  Charaplain  deposits  to  exist  at  the  close  of  the 
ice  age  involved  a  differential  in  the  depression  of  the  land  to 
the  north  which  is  very  suggestive,  while  another  class  of  facts, 
equally  suggestive  of  considerable  changes  of  level  in  connec- 
tion with  the  glacial  period,  appears  in  the  northerly  8lop>e  of 
the  bed  of  many  northern  tributaries  of  the  Upper  Ohio  and 
Allegheny  rivers.  The  Shenango,  Mahoning  and  Beaver 
rivers,  and  French,  Oil  and  Conewango  creeks,  all  have  a  rock 
bottom  which  slopes  to  the  north,  or  away  from  their  present 
outlets.  Mr.  Carll  and  some  others  have  argued  from  this 
that  there  must  have  been  a  system  of  northern  oatlets  into 
Lake  Erie  in  preglacial  times.  (2nd  Penn.  Geol.  Surv.  iii,  pp. 
830  to  366.)  The  actual  existence  of  such  northern  outlets 
has,  however,  not  been  proved  by  direct  evidence.  The  theory 
of  a  general  elevation  of  the  country  to  the  north  in  preglacial 


Digitized  by  VjOOQIC 


Q.  F.  Wright—  Unity  of  the  Glacial  Epoch.         371 

times,  such  as  is  supposed  to  have  brought  on  the  period  would 
seem  to  provide  a  natural  explanation.  But  Mr.  Leverett, 
under  guidance  of  Professor  Chamberlin's  theory  of  the  course 
of  events  in  the  Upper  Ohio  is  compelled  to  resort  to  the 
hypothesis  that  a  part  of  this  lowering  of  the  channels  of  these 
streams  to  the  northward  was  done  by  subglacial  currents  of 
water  forced  by  hydraulic  pressure  to  run  up  hill  to  find  exit. 
(See  this  Journal,  Sept.  1891,  p.  209.)  A  theory  driven  to  such 
extremities  cannot  be  said  to  be  altogether  free  from  difficulty. 

A  simple  statement  of  the  rival  theory  concerning  the  course 
of  events  in  the  Upper  Ohio  Valley  is  its  own  best  defence.  I 
suppose  that  the  erosion  during  early  Tertiary  times  had  pro- 
ceeded so  far  that  base  levels  had  become  established,  and  that 
the  rock  shelves  at  Bellevue  and  Parker  mark  the  flood  plain 
of  the  river  at  that  time.  During  the  close  of  the  Tertiarv 
period  the  land  underwent  elevation  until  it  stood  mucL 
nigher  than  now  over  all  the  northern  part  of  the  United 
States  and  Southern  Canada.  During  tnis  time  the  rivers 
lowered  their  beds  to  the  extent  shown  by  their  present  rock 
bottoms.  The  channel  of  the  Ohio  was  a  product  of  that 
period.  The  differential  northerly  elevation  permitted  the 
erosion  of  the  northern  tributaries  of  the  Ohio  spoken  of. 
Their  present  attitude  is  the  result  of  subsequent  differential 
subsidence.  This  subsidence  occurred  in  connection  with  the 
climax  of  glacial  conditions  when  the  ice  extended  so  as  to  dam 
up  the  Ohio  at  Cincinnati.  ThiB  dam  cooperated  with  the 
slack  drainage  attending  the  differential  subsidence  to  produce 
many  of  the  phenomena  which  Prof.  Chamberlin  attributes  to 
a  first  glacial  period.  Floating  ice  came  down  the  Allegheny 
River  in  great  quantities  and  drifted  into  the  oxbows  and 
upon  the  shelves  of  the  earlier  epoch  of  erosion,  and  left  the 
glacial  material  which  is  found  in  such  places  as  Parker  and 
Bellevue.  Similar  conditions  in  the  Monongahela  favored  the 
deposits  of  pebbles  and  silt  at  the  high  levels  described  by  Pro- 
fessor I.  C.  White.  The  deposits  in  Teases  Valley  between  the 
Kanawha  and  the  Ohio  in  West  Virginia  probably  belong  to 
a  somewhat  later  stage  when  the  barrier  below  Cincinnati  had 
been  worn  down  to  a  considerable  extent.  For  it  should  be 
observed,  that  the  preglacial  channel  of  the  Ohio  at  Cincinnati 
toward  Hamilton  was  permanently  closed  by  glacial  deposits. 

The  Columbia  terraces  of  the  Susquehanna  and  the  Dela- 
ware were  deposited  under  somewhat  similar  conditions. 
There  was  a  depression  of  the  coast  level  of  about  200  feet  in 
New  Jersey  allowing  the  great  ice  rafts  loaded  with  Medina 
bowlders  which  came  down  the  river  to  tide  level  to  be  floated 
over  the  lowlands  of  the  state  south  and  east  of  Trenton,  and 
to  be  stranded  along  the  shore  on  the  west  side  of  Philadelphia 
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to  a  height  of  175  feet.  The  subsidence  to  the  north  was  so 
much  greater  than  that  at  the  south  that  the  draina^  of  these 
rivers  was  much  slacker  than  now,  but  nowhere  do  the  terraces 
of  this  period  on  the  Delaware  and  Susquehanna  rivers  extend 
much  above  175  feet  except  inside  the  region  actually  covered 
by  glacial  ice.  How  much  these  rivers  have  lowered  their 
beds  since  that  time  it  is  difficult  to  tell,  but  probably  not  a 
great  deal. 

I  cannot  well  close  this  part  of  the  discussion  without  refer- 
ence to  a  recent  attempt  of  Professor  Winchell  (Am.  Geolo- 
gist, Au^.  1892,  pp.  69  to  80)  to  measure  the  length  of  the 
mterglacial  epoch  m  Minnesota.  Professor  WincheU  presents 
strong  evidence  to  show  that  the  preglacial  channel  of  the 
Mississippi  above  St.  Paul  ran  in  a  nearly  straight  line  with  the 
lower  valley  and  reached  the  present  valley  again  seven  or  eight 
miles  north  of  Minneapolis.  This  he  supposes  to  have  been 
filled  up  during  the  first  glacial  epoch,  while  in  the  interglacial 
epoch  the  channel  that  has  long  been  known  west  of  Minneap- 
olis was  eroded,  to  be  filled  on  the  advance  of  the  last  glacial 
ice  sheet.  This  amount  of  work  he  estimates  would  not  have 
required  more  than  9.750  years,  which  would  be  the  length  of 
the  interglacial  epoch  in  that  latitude.  Though  this  is  as 
nothing  to  the  length  of  the  period  as  estimated  by  Professor 
Chamberlin  for  the  southern  part  of  the  glaciated  area,  it  is 
sufficiently  long  to  make  us  ask  whether  the  data  are  sufiSeient 
by  which  he  would  establish  the  different  ages  of  those  pre- 
glacial channels  ?  The  aspect  of  the  unglaciated  areas  where 
secular  erosion  is  open  to  inspection  is  such  as  to  throw  much 
doubt  over  surface  indications  in  the  glaciated  region.  I 
should  be  inclined,  therefore,  to  wait  for  further  light  before 
committing  myself  unreservedly  to  the  theory  in  question. 

9.  The  final  consideration  bearing  on  the  duality  of  the 
glacial  period  is  drawn  from  the  successive  enlargement  and 
desiccation  of  Lakes  Bonneville  an<J  Lahontan,  in  the  arid 
basin  west  of  the  Kocky  Mountains.  This  coincidence  is 
certainly  very  striking,  and  the  theory  that  there  is  a  causal 
connection  between  the  phenomena  of  the  glacial  periods  and 
the  enlargements  of  these  lakes  is  very  plausiUle.  But  in  our 
general  ignorance  of  the  causes  of  local  climatic  changes  such 
a  coincidence  should  not  go  far  in  face  of  other  evidence. 
There  are,  for  example,  successive  salt  deposits  in  many  re^ons 
which  indicate  local  variations  of  climate  equal  to  anything 
which  can  be  demonstrated  in  the  great  Kocky  Mountain 
Basin,  but  in  geological  periods  when  we  have  no  reason  to 
suspect  glacial  conditions.  That  the  last  enlargement  of  Lake 
Bonneville  coincided  with  the  glacial  period  is  pretty  certain, 
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but  that  there  were  glacial  periods  to  accompany  the  earlier 
enlargements  is  by  no  means  so  evident. 

Futhermore,  as  bearing  against  the  duality  of  the  glacial 
period  it  may  be  urged  with  great  force  that  it  is  improbable 
that  two  periods  should  so  nearly  duplicate  one  another  as 
these  two  are  supposed  to  have  done.  To  those  who  maintain 
the  sufficiency  of  Croll's  astronomical  cause,  however,  this  is 
rather  an  argument  in  favor.  But  on  the  other  hand,  that 
cause  would  also  demand  a  long  succession  of  periods  during 
all  the  geological  ages,  and  of  these  we  lack  sufficient  proof ; 
while  it  would  throw  the  two  periods  which  Professor  Cham- 
berlin  recognizes  back  much  farther  than  the  facts  will  admit. 
It  must  be  said,  however,  that  it  is  not  wholly  out  of  analogy 
with  known  earth  movements  to  suppose  that  there  has  been, 
in  connection  with  the  glacial  period,  a  succession  of  oscilla- 
tions of  the  earth's  crust  nearly  duplicating  each  other.  Such 
oscillations  seem  to  have  occurred  in  various  geological  ages,  as 
for  instance  during  the  coal  period  when  the  successive  coal 
beds  were  formed.  And  indeed,  much  can  be  said  in  favor  of 
the  view  that  such  an  oscillation,  when  once  begun  would  per- 
petuate itself.  The  loading  of  one  part  of  the  land  surface 
and  its  consequent  subsidence  would  naturally,  if  not  neces- 
sarily, be  attended  with  the  elevation  of  other  and  perhaps 
distant  portions  of  the  crust.  This  might  secure  the  beginnings 
of  a  glacial  period  in  another  hemisphere,  which  when  fully 
grown,  would  return  the  favor,  and  by  its  weight  cause  the 
earth's  crust  to  bulge  out  again  where  it  had  been  depressed. 
But  our  knowledge  of  these  matters  is  too  vague  to  reason  on 
it  with  any  confidence,  as  is  also  that  of  the  other  causes 
which  have  been  suggested  for  the  production  of  the  phe- 
nomena of  the  period. 

In  conclusion  it  is  sufficient  to  remark  that  our  present 
state  of  knowledge  on  the  subject  seems  so  imperfect  that  it 
is  not  conducive  to  success  in  investigation  to  hold  any  theory 
as  to  the  unity  or  duality  of  the  period  with  great  positivenese. 
Over-confidence  on  this  point  at  the  present 'time  is  likely  to 
blind  the  eyes  of  the  investigator,  and  to  hinder  progress, 
both  in  the  collection  and  in  the  interpretation  of  the  multitu- 
dinous and  complicated  facts  which  everywhere  invite  our 
close  attention. 
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Art.  XLV. — A  Photographic  Method  of  Mapping  the  Mag- 
netic Field ;  by  Charles  B.  Thwing. 

The  common  method  of  obtaining  a  cross  section  of  the 
field  of  force  of  a  magnet  by  means  of  iron  filings  is  very 
satisfactory  when  only  temporary  representations  of  the  field 
are  desired.  There  has  been  wanting  hitherto  a  suitable 
method  of  making  a  permanent  map  of  the  magnetic  field. 

A  method  employed  in  the  physical  laboratory  at  North- 
western University  has  been  found  to  give  results  so  far 
superior  to  any  hitherto  obtained,  that  a  description  of  the 
method  employed  will  probably  prove  of  value  to  others  who 
m^be  engaged  in  the  study  of  the  magnetic  field. 

While  studying  the  magnetic  field,  it  was  suggested  by  Mr. 
John  Lamay  that  a  permanent  record  of  the  field  could  be 
obtained  by  securing  a  map  upon  blue  print  paper,  exposing  to 
the  sun,  and  washmg  as  usual.  The  results  obtained  were 
beautiful ;  but  it  was  of  course  necessary  to  repeat  the  process 
for  every  copy  of  the  field  desired.  It  at  once  occurred  to  the 
writer  that  by  employing  a  photographic  dry  plate,  in  place  of 
the  blue  print  paper,  a  negative  would  be  obtained  from  which 
any  desired  number  of  prints  could  be  made  and  which  would 
.have  the  additional  advantage  of  representing  the  figures  in 
their  true  colors. 


Fig.  1.     Apparatus  employed. 

The  apparatus  employed  is  shown  in  fig.  1,  which  also  illus- 
trates the  method  used  in  distributing  the  iron  filings  and 
exposing  the  plate. 
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For  obtaining  the  field  of  a  bar  magnet,  the  magnet  was 
placed  upon  a  large  card,  previously  marked  with  concentric 
circles  and  parallel  lines  to  facilitate  the  centering  of  the  mag- 
net. The  pnotographic  plate  was  placed,  film  side  up,  directly 
upon  the  magnet  The  iron  filings  were  held  at  a  distance  of 
a  foot  above  the  plate  in  a  baff  of  loosely  woven  flannel,  from 
which,  by  shaking  the  bag,  tney  could  be  evenly  distributed 
over  the  surface  of  the  plate  .  The  plate  was  then  held  at  two 
points  and  tapped  gently  until  the  filings  had  arranged  them- 
selves along  tne  lines  of  force.  The  room  was,  of  course,  up 
to  this  point  illuminated  only  by  non-actinic  light.  The  ex- 
posure was  now  made  by  turning  the  key  of  an  incandescent 
lamp,  supported  at  a  convenient  distance  directly  above  the 
center  of  the  plate.  The  position  of  the  lamp  is  a  matter  of 
considerable  importance,  as  the  light  from  a  gas  jet  at  one  side 
of  the  plate  will  cause  the  filings  to  cast  a  shadow  and  give  an 
incorrect  representation  of  the  lines  of  force.  Where  an 
electric  lamp  is  not  convenient,  nearly  as  good  results  may  be 
obtained  by  holding  a  lighted  match  above  the  plate.  It  is 
more  difficult,  however,  to  time  the  exposure  correctly  by  this 
method,  and  the  match  will  often  so  cast  a  shadow  upon  the 
plate  as  to  cause  irregularity  of  illumination.  After  exposure, 
the  plate  is  tipped  so  that  the  filings  may  slip  off,  and  the  few 
which  still  chug  to  the  surface  of  the  film  are  carefully  re- 
moved by  means  of  a  fine,  camels-hair  brush.  The  negative 
is  then  developed  and  fixed  in  the  usual  way. 

The  plates  employed  should  be  of  a  sort  to  give  the  strongest 
possible  contrasts.  A  slow  plate  such  as  Carbutt's  process 
plate  was  found  to  give  most  satisfactory  results.  This  plate 
required  an  exposure  of  twenty  seconds,  when  a  six  teen-candle 
power  lamp  was  placed  at  a  distance  of  eighteen  inches  from 
the  plate.  If  a  match  is  employed  to  illuminate  the  plate, 
Carbutt's  B  16  may  be  used,  with  an  exposure  of  about  three 
seconds,  and  nearly  as  good  results  will  be  obtained. 

For  making  prints  from  these  negatives,  any  paper  may  be 
employed  which  will  give  good  black  and  white  tones.  I  have 
found  the  aristotvpe  paper  to  give  beautiful  results  when 
printed  deeply  and  toned  to  exactly  the  right  point  Reduced 
positives  from  these  negatives  make  very  brilliant  lantern 
slides,  by  means  of  which  a  great  variety  of  magnetic  fields 
mav  be  shown  to  a  large  audience.  The  want  of  such  lantern 
slides  for  illustrating  popular  lectures  has  been  felt  by  the 
writer  and  doubtless  by  many  others. 

Figures  2  to  5  show  typical  forms  of  the  field  of  a  bar  mag- 
net To  obtain  the  best  results,  the  bar  magnet  should  be  a 
strong  one  and  of  considerable  size,  since  the  film  is  of  neces- 
sity placed  the  thickness  of  the  glass  plate  away  from  the 
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magnet,  and  with  a  weak  magnet  the  lines  will  not  be  suffi- 
ciently distinct ;  especially  since  it  is  necessary  to  employ  a 
considerable  (][uantity  of  the  iron  filings  in  order  to  make  a 
brilliant  negative. 


Fig.  2.     End  of  Bar  Magoet. 

Fig.  6  was  made  on  a  5  by  8  plate  with  a  four  inch  horse- 
shoe magnet. 


Fig.  3.    Bar  Magnet. 

In  tig.  7,  six  similar  eight  inch  square  bar  magnets  were 
employed,  and  placed  with  alternate  poles  toward  the  center. 
This  is  the  arrangement  commonly  employed  in  the  fields  of 
an  alternating  dynamo ;  *and  the  figure  gives  a  very  good  idea 
of  the  lines  of  force  in  such  field. 
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In  the  preparation  of  this  plate,  a  marked  distinction  was 
noticed  between  the  north  and  south  poles  of  the  magnets. 
This  difference  is  fairly  well  shown  in  the  cut. 


Fig.  4.     Unliko  Poles. 

The  alternate  poles  beginning  with  the  pole  upon  the  left 
of  fig.  7  are  tioutli  poles.  The  tilings  in  the  neighborhood  of 
these  poles  are  in  every  case  more  erect  and  exhibit  greater 
intensity  of  action  than  those  at  the  north  poles.  Whether 
this  is  due  to  a  real  difference  between  the  north  and  south 


Fig.  5.     Like  Poles. 

poles  of  the  magnet  or  is  to  be  explained  as  a  mere  coincidence, 
can  only  be  determined  by  more  careful  observations  than 
those  wnich  I  have  yet  made. 
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Figure  8  is  a  representation  of  the  field  of  a  disc  magnet, 
made  by  magnetizing  a  small  circular  slotting-saw  of  2\ 
inches  diameter  and  ^th  of  an  inch  thickness.     The  lines  of 


Fig.  6.    Horseshoe  Magnet 

force  bear  a  striking  resemblance  to  some  drawings  of  the 
solar  corona,  and  may  suggest  the  correct  explanation  of  that 
but  little  understood  phenomenon. 


Fig.  7.    Alternate  Poles. 

The  remaining  figures  illustrate  sections  of  fields  of  various 
forms  of  electro-magnets. 

Figure  9  is  a  section  of  the  field  of  a  small  motor  of  the 
closed  field  type,  and  resembles  quite  closely  the  field  of  the 
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disc  magnet  shown  in  fig.  8.  The  leakage  indicated  by  the 
lines  at  the  right  of  the  figure  is  due  to  the  iron  base  upon 
which  the  fields  were  mounted. 


Fig.  8.     Disc  Magnet. 

Figure  10  is  the  field  of  a  small  motor  of  the  common  horse- 
shoe type. 


Fig.  9.     Motor-Field— Closed  Type. 

Both  figures  9  and  10  were  obtained  by  removing  the  arma- 
ture and  one  bearing  so  as  to  make  it  possible  to  place  the 
plate  within  a  short  distance  of  the  field,  at  right  angles  to  the 
armature  shaft. 
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Interesting  figures  might  be  obtained  by  inserting  nngs 
between  the  poles  similar  in  form  to  the  rings  of  which  the 
armature  is  composed.     These  figures  illustrate  a  large  class  of 


Fig.  10.     Motor-Field — Horseshoe  Type. 

very  instructive  maps  which  might  be  made  of  the  various 
types  of  magnetic  fields  now  in  use.  A  careful  study  of  a 
set  of  such  figures  should  afford  valuable  suggestions  to  the 
designer  of  field  magnets  and  transformers. 

The  motors  used  in  Figures  9  and  10  are  shown  with  the 
bearings  removed  in  figure  1. 


Fig.  11.     Electro- Magnet 

IgFigures  11  and  12  represent  the  field  above  the  poles  of  the 
smallelectro-magnet  shown  in  figure  1. 
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In  fi^re  11  the  filings  in  the  regions  near  the  poles  are 
drawn  to  the  poles,  leaving  those  regions  bare. 


Fig.  12.    Electro-Magnet— Iron  Chippings. 

The  somewhat  fantastic  field  shown  in  figure  12  was  ob- 
tained from  the  same  electro-magnet  by  employing  coarse  iron 
chippings,  instead  of  the  finer  iron  filings  used  in  the  remain- 
ing figures.  The  position  of  the  bits  of  iron  parallel  to  the 
lines  of  force  is  distinctly  shown. 

Note. — Since  preparing  the  above,  my  attention  has  been  called  to  the  excellent 
article  of  Professor  Houston  in  the  Electrical  Knjrineer  for  July  20th,  in  which  a 
method  exactly  similar  to  the  one  here  described  was  briefly  outlined.  This 
furnishes  another  instance  of  the  simultaneous  invention  of  a  process  by  two 
investigators,  each  working  wholly  without  knowledge  of  what  the  other  is  doing. 


Art.  XLYL — Contributions  to  Mineralogy^  No.  5J^  ;  by 
F.  A.  Genth.  With  Crystallographic  Motes;  by  S.  L. 
Penfield. 

1.  Aguilarite, 

Since  the  publication  of  my  investigations  on  aguilarite,* 
I  had  an  opportunity  to  examine  quite  a  number  of  specimens 
of  this  mineral.  Only  a  very  few  small  fragments  of  pure 
aguilarite  in  skeleton  dodecahedrons^  like  the  original,  were 
found  among  them ;  most  of  them  were  altered,  as  previously 

♦  This  Journal,  xli,  401 . 
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described.      There  were  several,  however,  which  deserve  a 
short  notice. 

a.  One  variety  in  irre^lar  flat  particles  between  the  cleavage 
cracks  of  culcite  or  calcite  and  qaartz,  with  a  hackly  f  ractare 
and  iron  black  color  had  the  composition  of  nearly  pnre  agni- 
larite  (a). 

h,  A  second  variety  made  np  of  small  capillary  needle-  and 
wire-shaped  individuals  without  any  distinct  planes,  also 
minute  rounded  particles,  all  forming  an  irregular  spongy 
mass  of  an  iron  gray  color  and  metallic  luster,  between  this 
are  small  crystals,  not  over  S'"™  in  diameter,  apparentlv  hexag- 
onal and  much  resembling  forms  of  polybasite,  produced  bv 
twinning.  The  material  for  the  analysis  (J)  was  selected  with 
great  care,  but,  as  the  results  show,  gave  the  composition  of 
aguilarite,  slightly  contaminated  with  a  sulphantimonide. 

a.  I. 

Ag 79-41  80-27 

S 5-93  6-75 

Se 18-96  12-73 

Cu 0-60  0-07 

Fe 0-26 

Sb 0-41 


99-80  100-49 

c.  Similar  crystals,  as  mentioned  under  i,  were  found  on 
quartz,  associated  with  calcite,  some  of  them  were  over  10"" 
in  diameter.  On  examination  with  a  lens  they  could  easily  be 
seen  to  be  made  up  of  different  minerals  and  were  evidently 
the  result  of  the  alteration  of  aguilarite  into  stephanite,  as 
previously  described,  with  metallic  silver,  argentite,  etc.  The 
outer  portion  was  brittle,  the  inner  malleable — but  neither 
could  be  obtained  in  a  state  of  purity.     They  gave  : 


Brittle 

portion. 

Malleable 

portion. 

Ag.. 

67-58  or 

■  Ag,S... 

62-85 

Ag... 

84*06  or  Ag 

26-28 

Cu., 

6-83 

^^:- 

16-35 

Cu... 

1-83 

Ag,S.. 

55-49 

Fe.. 

0-42 

9-27 

Fe... 

.  -  • . 

Ag.Se  . 

14.28 

Sb.. 

6-83 

FeS.... 

0-56 

Sb... 

1-24 

CuS... 

2-75 

As-- 



Sb,S,... 

9-66 

As... 

0-28 

Sb,S,.. 

1-74 

Se  .. 

3-51 



Se... 

3-82 

AsS... 

0-46 

S  ... 

14-76 





S.... 

8-76 



99-93  98-59  99*98  100-00 

These  crystals  had  been  considered  to  be  a  new  species. 

d.  In  the  lot  of  aguilarite  specimens  was  noticed  a  small 
piece  of  quartz  and  calcite  with  solid  dodecahedral  crystals, 
mostly  distorted,  from  1-2"*"  in  size.     As  there  was  no  indica- 
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tion  of  any  cavernous  crystals  I  thought  they  might  show  a 
different  composition. 

The  analysis  gave :  Calculated : 

Ag 84-40  Ag 85*06  per  cent. 

Cu 0-49  S 1103       " 

S 11-36  Se 3-91       " 

Se  (by  diff.) 3-76 


100-00 


100-00 


This  is  the  composition  of  argentite  in  which  ^  of  the 
sulphur  is  replaced  by  selenium.  The  composition  correspond- 
ing to :  ^AggSeH  I^AggS  is  given  above. 

e.  A  specimen  of  acanthite  from  Guanajuato,  Mexico,  pre- 
sented to  me  by  Messrs.  Geo.  L.  English  &  Co.,  was  analyzed 
for  the  purpose  of  seeing  whether  it  contained  selenium,  but 
was  found  to  be  entirely  &ee  from  it. 

Elongated,  wirelike  distorted  crystalline  particles  in  calcite. 
The  analysis  gave  a  trace  of  quartz  and  calcite  and — 

Ag 86-79 

S 13-20 


99-99 

2.  Metacinnaharite, 

To  Professor  Gustav  Guttenberg  of  the  Central  High  School 
at  Pittsburg,  I  am  indebted  for  an  interesting  occurrence  of 
metacinnaharite  in  irregular  particles  of  from  5  to  10™™  in 
diameter,  disseminated  through  a  ferruginous,  laminated  barite, 
from  San  Joaquin,  Orange  County,  California,  where  it  had 
been  collected  by  one  of  his  pupils. 

Color  iron-black,  but  many  pieces  show  already  a  pai-tial 
change  into  ordinary  cinnabarite,  both  by  a  good  lens  and  the 
reddish  black  powder  which  some  of  the  particles  yield  on 
pulverizing.  Fracture  conchoidal,  brittle,  soft.  Sp.  gr.  7'706. 
The  analysis  gave : 

Ilg 85-89 

S 13-69 

CI 0-32 


99-90 


It  is  remarkable  that  all  the  fragments  which  were  examined 
showed  the  presence  of  chlorine.  The  0*32  per  cent  of  CI 
which  were  found  would  indicate  an  admixture  of  1*23  per 
cent  of  calomel. 

Am.  Jour.  Soi.— Third  Sbbibs,  Vol.  XLIV,  No.  263.— Novehbbr,  1892. 
26 
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3.  LdUingite. 

The  arsenide  of  iron  from  Halyburton's  and  Drum's  farms 
which,  from  qualitative  tests,  had  been  mentioned  in  my 
Minerals  of  North  Carolina,*  as  leucopyrite,  was  found  to  be 
Idllingite. 

A  specimen  from  Drum's  farm,  Alexander  County,  mostly 
oxydized  into  scorodite,  etc.,  yielded  some  very  pure  frag- 
ments of  from  4  to  6°"^  in  size.  They  did  not  show  any  citb- 
talline  faces,  apparently  amorphous ;  fracture  conchoidal.  Sp. 
gr.  7*031.     The  analysis  gave  : 

Fe 70-83 

Cu trace 

As 27-93 

S 0-77 


99*52 


4.  RutUe. 

The  flesh-colored  orthoclase  from  West  Cheyenne  Cafion, 
El  Paso  Co.,  Colorado,  contains  minute  black  crystals  which 
were  identified  by  Professor  Penfield  as  rutile. 

From  the  specimens  received  by  Messrs.  Geo.  L  English  & 
Co.  it  appears  that  these  crystals  are  rarely  in  contact  with  the 
orthoclase,  but-  generally  implanted  in  the  more  recent  quartz, 
resulting  from  its  alteration  and  filling  its  cavities. 

The  ratiie  crystals  are  from  0*5  to  4""  in  size. 

The  forms  which  have  been  observed  on  them  are  a,  100,  i-i; 
my  110, 1 ;  Ij  130,  i-S ;  «,  101,  li  and  8,  111,  1.  Some  of  the 
crystals  are  like  fig.  1,  a  habit  which  is   not  common  with 


rutile  but  reminds  one  rather  of  cassiterite.  Many  of  the  crys- 
tals have  four  of  the  pyramid  faces,  «,  larger  than  the  others 
and  developed  apparently  into  monoclinic  prisms.  Fig.  2  rep- 
resents one  of  the  distorted  crystals  in  ordinary  projection  and 
fig.  3  is  a  basal  projection  of  another,  with  a  still  more  pro- 

*  The  Minerals  of  North  Carolina,  by  Frederick  Augustus  Genth,  Bulletin  Na 
74,  U.  S.  Geol.  Survey,  Washington,  1891. 
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nonnced  prismatic  habit.  They  are  iron-black.  Sp.  gr. 
4*249.  The  analysis  gave,  after  deducting  0  7  per  cent  of 
qnartz : 

SnO, 1-40 

TiO, 91-96 

Fe.O. 6-68 


100-04 


5.   Quartz  resulting  from  the  alteration  of  the  flesh-colored  ortho- 
close  of  W.  Cheyemie  Cafion. 

The  orthoclase  crystals  become  rounded  and  in  their  decom- 
position leave  cavities  which  are  partially  filled  with  grayish- 
white  porous  and  cavernous  coatings  either  directly  opon  the 
orthoclase  or  with  some  space  between,  filled  with  earthy 
limonite.  The  pure  grayish  or  slightly  greenish  white  material 
shows  a  cryptocrystalline  structure,  dull  or  with  a  faint  vitreous 
luster.     BL=8;  Sp.  gr.=2-552. 

In  appearance  it  somewhat  resembles  some  varieties  of  the 
so-called  damourite. 

The  analysis  gave : 

Ignition 0-96 

SiO   96-68 

A1,0, 0-93 

Fe.O, 0-86 

Na,0 trace 

K,0 0-46 


99-82 


from  which  it  is  evident  that  it  is  quartz,  slightly  contami- 
nated with  orthoclase. 

In  the  same  orthoclase  is  a  mineral  in  very  fine  and  minute 
needle-shaped  crystals  of  a  greenish  yellow  color  which  could 
not  be  identified  for  want  of  material. 


6.  Danalite, 

Among  some  specimens  from  W.  Cheyenne  Cafion,  El  Paso 
County,  Colorado,  which  were  given  to  me  for  identification 
by  Messrs.  Geo.  L.  English  &  Co.  were  two  fragments,  one  of  a 
crystal  15  X  17°^"*  in  size,  the  other  not  showing  any  crystalline 
form.  Both  were  discolored  by  iron  and  manganese  oxides 
and  were  found  to  be  an  interesting  variety  of  danalite. 
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4.  The  fragment  is  part  of  a  modified  tetra- 

hedron, having  the  forms  <?,  Ill,  1 ;  o\  111, 
—  1  and  flJ,  110,  i,  fig.  4.  One  of  the  dodeca- 
hedral  faces  is  larger  than  the  other  two 
and,  as  it  makes  a  right  angle  with  the  large 
tetrahedral  faces  adjacent  to  it,  it  gives  the 
crystal   the  appearance  of  being  part  of  a 

modified  cube. 
No  cleavage  has  been  observed ;  fracture  uneven,  splintery 

to  subconehoidal,  color  of   some    portions  pale  rose  color  to 

brownish,  owing  to  slight  oxidation.     Sp.  gr.=  3*626  to  3-66L 

Luster  vitreous. 

The  material  used  for  analysis  was  purified   by  digesting 

with  very  dilute  hydrochloric  acid  and  had  a  fine  pale  rose 

color,  like  a  deeply  colored  rose  quartz.     The  mean  of  two 

closely  agreeing  analyses  is  as  follows: 

Mol.  ratio. 

Ignition 0-21 

SiO, -  80-26         Si 14-12  -504                        2-93 

BeO   ..   12-70  Be  ...  470  -600^ 

CuO 0-30  Cu  ...  0-24  -004 

ZnO 46-20         Zn 37-07  •570^1-187        6-90 

FeO 6-81         Fe 5-37  -096 

MnO 1-22  Mn...  0-96  -017^ 

S 6-49  -172                       100 


103-19 
Less  O  for  S...     2-78 


100-41 
O 36-04        2-78         32*26       2-016  11-72 

closely  agreeing  with  the  formula : 

(Be,  Zn,  Fe,  Mn),Si.O„S 

Associated  with   quartz,   astrophyllite  and   a  mineral   which 
appears  to  be  new, 

7.    Yttrium'  Calcium  Fluoride, 

On  some  of  the  quartz  associated  with  astrophyllite  was  a 
mineral  in  granular  crystalline  particles.  Some  fragments 
show  reflections  from  cleavage  planes.  White,  grayish  white 
and  reddish  white.     H.=  4.     Sp.  gr.  =  4-316. 

In  the  analysis  of  the  best  fragment  which  I  could  get,  a 
little  over  one  gram,  the  mineral  was  decomposed  by  sulphuric 
acid,  by  which  the  fluorine  was  expelled  as  HFl  and  the  little 
silica  as  SiFl^.     The  analysis  gave  ; 
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Calculated  as 
^,  ;  fluorides.        Molecular  ratio. 

Ignition 1*67 

(Yt,Er),0,* 47-68  68-05            -317) 

CeO, 0-83  0-96            -005  V  -331          1 

(La,  Di),0, 1-56  1  86            -009  ) 

CaO 19-41  27-03           '347                     1 

Fe,0,  and  other  admixtures  

not  det.           "     ^o'i'-  89*47 

This  gives  the  formula  CaFI, .  (Yt,Er,Ce,La,Di)Fl,. 

8.  Altered  Zircon  or  Cyrtolite. 

Messrs.  Geo.  L.  English  &  Co.  sent  me  for  identification 
crystalline  groups  of  about  10  to  15°*°*  in  size.  They  consisted 
of  bundles  of  crystals  of  columnar  structure,  radiating  from 
a  center  with  their  prismatic  planes  mostly  obliterated  and 
terminated  by  rounded  planes  of  the  common  pyramid  of 
zircon. 

They  were  stained  with  a  greenish  brown  coating  of  the 
oxides  of  iron  and  uranium,  and,  for  purification,  had  to  be 
treated  with  dilute  hydrochloric  acid  after  which  the  color  is  a 
very  light  greenish  gray.     Sp.  gr.  =  4-258. 

Associated  with  muscovite,  flesh-colored  orthoclase  and 
quartz,  at  Mt.  Antero,  ChaflEee  Co.,  Colorado. 

The  analyses  gave : 

a.  6. 

Ignition 2-42  2*47 

SiO, 30-38  30-66 

ZrO 61-38  60-89  (by  diff.) 

Yt,0, 0-60  0-65 

Fe.O, 0*70  0-63 

UO, 4-82    '  4-70 

MnO,  MgO,  CaO traces  traces 

100-30  100-OU 

9.  Lepidolite, 

A  very  beautiful  variety  of  lepidolite,  associated  with  albite 
and  quartz,  from  Tanagama  Yama,  Japan,  has  been  received 
from  Messrs.  Geo.  L.  English  &  Co.     It  occurs  in  crystal- 

*Tho  molecular  weight  of  Yt  and  Er  was  found  to  be  126.  The  oxides  were 
yellow  and  the  sulphates  and  oxalates  slightly  rose-colored.  Although  these 
results  are  somewhat  unsatisfactory,  on  account  of  the  contaminated  condition 
and  small  amount  of  the  material  at  my  command,  I  thought  them  of  sufficient 
interest,  to  place  them  on  record,  as  great  pains  were  taken  to  arrive  at  the  most 
perfect  separation  of  the  constituents.  Should  it  be  my  good  fortune  to  get 
larger  quantities  of  this  mineral,  I  intend  to  repeat  this  investigation. 
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line  plates  from  30  to  80°*°  in  size.  Professor  Penfield  says: 
The  form  of  the  plates  was  not  determined.  The  clear  por- 
tions show  a  biaxial  interference  figure  with  wide  divergence 
of  the  optical  axes,  about  like  mascovite. 

Color   grayish    white,    slightly  pinkish,   luster  vitreous  to 
pearly.     Sp.  gr.  =  2'883.     I3.B.   it  fuses  readily  to  a  brown 

flass,  coloring  the  flame  intensely  a  deep  red.     The  analysis, 
eing  the  mean  of  two  or  three  determinations,  gave  : 

SiOj 63-34 

A1,0, 17-76 

Fe,0, 3-26 

MnO  2-77 

MgO 0-05 

CaO 0-37 

Li,0 4-60 

Na  O 1-56 

K,0 10-90 

H,0 - 0-66 

Fl 7-78 

103-02 
Less  O  forFl 3-28 


99-74 


The  lepidolite  plates  were  all  more  or  less  coated  with 
minute  brownish  white  scales,  which  appeared  to  be  a  product 
of  the  alteration  of  lepidolite.  With  great  diflSculty  1  picked 
out  0*2563  grm.  of  pretty  pure  material  which  gave  : 

SiO   62-91 

A1,0. 21-15 

Fe,0, 3-59 

MnO   0-94 

Li,0 2-19 

Ignition 6*97 

Fl,  K,0,  Na,0,  etc not  det. 

Therefore  not  cookeite,  but  lepidolite  altered  by  hydration. 

10.  JFhichsite. 

In  a  peculiar  mica  schist,  consisting  of  a  gray  muscovite 
with  quartz  in  Habersham  County,  Ga.,  occurs  associated  with 
chromite  and  interlaminated  with  gray  muscovite  a  deep  emer- 
ald green  mica  in  scales,  sometimes  from  10-12""*  in  diameter. 
Professor  Penfield  writes  me  about  it  as  follows :  "  The  fuch- 
site  does  not  show  crystalline  outline  and  the  scales  are  small 
for  optical  examination.     I  observed  the  following.     The  see- 


Digitized  by  VjOOQIC 


Bedell  and  Crehore — Effects  of  Self-induction^  etc,      389 

tions  show  a  biaxial  interference  figure,  the  divergence  of  the 
optical  axes  being  large,  about  like  moscovite.  The  cleavage 
plate  shows  a  decided  pleochroism,  for  rays  vibrating  parallel 
to  c  bright  chrome  green,  and  parallel  to  b  yellowish  green. 

Sp.  gr.  =  2-983. 

The  analysis  gave : 

Ignition 6*04 

SiO, 46-73 

A1,0, 29-00 

Cr,0, 2-73 

Fe,0, 2-69 

MgO  3-03 

CuO 0-14 

Na.O 0-26 


K.6 


Chemical  Laboratory,  111  S.  lOth  St. 
Philadelphia,  August  29th,  1892. 


9-26 


99-77 


Art.  XLVII. — The  Effects  of  Self-induction  and  Distributed 
Static  Capacity  in  a  Conductor ;  by  Frederick  Bedell, 
Ph.D.,  and  Albert  C.  Crehore,  Ph.D. 

The  solution  obtained  by  Sir  Wm.  Thomson  for  the  varia- 
tion of  the  current  and  the  potential  at  different  points  in  a 
conductor  possessing  static  capacity  is  given  by  Mascart  and 
Jonbert,  L  Electricity  et  Le  Magnetisme,  vol.  i,  §  233,  and  is 
treated  at  length  by  Mr.  T.  H.  Blakesley  in  his  book  on  Alter- 
nating Currents.  The  object  of  the  present  communication  is 
to  give  the  solution  for  the  case  of  a  conductor  possessing  self- 
induction  as  well  as  distributed  capacity,  and  to  note  the  effects 
produced  by  the  introduction  of  the  self-induction. 

The  rate  of  change  of  the  charge  on  an  element  of  the  cable 
is  equal  to  the  difference  of  the  currents  flowing  into  and  out 
from  it;  and  so,  writing  q  for  charge  and  i  for  current  at  any 
time,  and  x  for  the  distance  of  any  point  from  the  origin — 
positive  direction  being  that  of  current  flow — we  have 

§:  =  -#«&. 

at  ax 

If  e  is  the  potential  of  an  element,  its  charge  is  y  =  Qtedx^ 
where  C  denotes  the  capacity  per  unit  length  of  the  cable,  and 
the  first  equation  may  be  written 
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By  Ohm's  law  the  current  in  an  element  is  equal  to  the 
total  E.  M.  F.  (the  sum  of  the  impressed  and  that  of  self- 
induction)  divided  by  the  resistance ;  and,  if  R  is  the  resis- 
tance per  unit  length  and  we  assume  the  back  E.  M.  F.  of  self- 
induction  per  unit  length  to  be  equal  to  the  rate  of  change  of 
the  current  multiplied  by  a  conbtant  L,  we  may  write 


,  =  _(l^"^.^«^ 


In  some  cases  this  assumption  may  approximately  represent 
the  true  effect  of  self-induction,  and  the  results  obtaineSd  from 
this  particular  assumption  may  show  the  nature  of  the  effect 
of  self-induction  even  in  cases  where  the  assumption  is  not 
justifiable. 

The  differential  equation  for  potential  is  obtained  by  elimi- 
nating i  from  (1)  and  (2)  and  is 

The  current  equation,  obtained  in  the  same  way,  is  simiUr 
when  i  is  written  instead  of  e. 

The  general  solution  of  these  equations  is 


=2 


hke. 


^    {t-Ckx) 


Ck*  +  V 


h,k 

where  e  is  the  Naperian  base,  and  h  and  k  are  constants  to  be 
determined. 

If  the  impressed  E.  M.  F.  is  harmonic,  and  at  the  origin 
«=E  sin  (ot,  where  a>  denotes  angular  velocity,  the  solution 
for  the  potential  at  any  point  of  the  conductor  at  any  time 
becomes 

(3)  .  e  =  E€'^P^  sin  {a)t±  ax). 

The  solution  for  the  current  at  any  time  across  any  section  of 
the  conductor  is 

.      -Ea/Cg?  ±^*    .     /  .p\ 

(4)  t  = €         sm  I  Got:t  oix  +  tan*"'  —  i. 

^^  Vim.  \  oc) 
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In  these  equations  Im.  denotes  the  impedance,  (R'+L*a>')^; 

pzszy  —-  Vim.  — L(»  ;  and  a  =y   -—  ^/lm.-\-ljoo, 
2  2 

The  solutions  in  equations  (3)  and  (I)  show  that  the  poten- 
tial and  current  are  propagated  in  harmonic  waves  whose  am- 
plitudes decrease  with  the  distance  from  the  origin  according  to 
a  logarithmic  decrement.  At  any  point  of  the  conductor  the 
potential  and  current  vary  as  simple  harmonic  functions  of  the 
time  with  constant  amplitudes  which  are  different  for  every 
point  of  the  conductor.  The  current  wave  is  propagated  in 
advance   of    the  potential  wave  by  an    angle   0  such   that 

P 
tan  0  =  —.     This  phase  difference  diminishes  with  increase  of 

a  ^ 

frequency  when  there  is  self-induction,  but  becomes  a  constant 
angle  of  45°  when  L=0.      The  wave  length  is  —  and  the 

rate  of  propagation  is  — .  The  wave  length  and  rate  of  propa- 
gation each  become  less  as  the  self-induction  increases.  The 
wave  of  higher  frequency  will  have  the  shorter  length  and  be 
propagated  the  faster.  This  difference  in  rate  of  propagation 
of  waves  of  different  frequencies  is  most  marked  when  there 
is  no  self-induction. 

The  distance  at  which  the  amplitude  decreases  to  — th  of  its 
value  is  —  =  ^ — - — 5 :  the  time  for  the  decrease  is 


p      27r  tan  d '  o)  tan  d' 

The  rate  of  decay  is  most  rapid  when  there  is  no  self-induc- 
tion. The  waves  of  higher  frequency  decay  more  rapidly 
than  those  of  lower  frequency ;  when  there  is  no  self-induc- 
tion this  difference  in  the  rate  of  decay  is  the  greatest. 

The  difference  in  the  rates  of  propagation  and  decay  of 
waves  of  high  and  low  frequency  doubtless  constitutes  the 
limitations  to  the  use  of  the  telephone.  As  the  several  har- 
monic components  of  a  complex  tone  advance  along  the  con- 
ductor, they  keep  shifting  their  relative  phases  according  to 
the  difference  in  their  rates  of  propagation,  and  also  change 
their  relative  intensities  according  to  the  difference  in  their 
rates  of  decay,  thus  changing  the  resultant  combination  tone 
and  materially  altering  its  quality.  These  effects  are  always 
present  in  circuits  containing  distributed  static  capacity  but 
are  not  so  marked  when  there  is  also  self-induction. 


Physical  Laboratory  of  Coruell  University,  July,  1892. 
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Art.  XLVIII. — The  Quantitative  Determination  of  Hvbid- 
ium  hy  the  Spectroscope;  by  F.  A.  GoocH  and  J.  L 
Phinney. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XVIII.] 

In  a  recent  paper  isBued  from  this  laboratory*  the  possi- 
bility of  determining  small  amounts  of  potassium  quantita- 
tively by  means  of  the  flame  spectrum  was  demonstrated. 
The  work  which  we  are  about  to  describe  was  performed  in 
the  endeavor  to  see  how  far  similar  methods  might  be  appli* 
cable  to  the  quantitative  determination  of  rubidium.  It  was 
shown  in  the  former  work  that  hollow  coils  of  platinum  wire 
may  be  adjusted  to  hold  definite  amounts  of  liquid  and  that, 
by  taking  care  to  plunge  the  coil  while  hot  into  the  liquid  and 
to  remove  it  from  the  liquid  with  its  axis  inclined  obliquely  to 
the  surface,  it  is  possible  to  take  up  constant  amounts  through 
a  long  series  of  experiments.  It  thus  becomes  possible  to 
bring  definite  amounts  of  any  soluble  substance  into  a  flame  to 
be  viewed  spectroscopically.  The  potassium  salt  best  adapted 
to  spectroscopic  use  proved  to  be  the  chloride,  and  it  was 
found  to  be  advantageous  to  dry  the  coils  over  a  hot  radiator 
before  introducing  them  into  the  flame.  A  large  Muencke 
burner  gave  the  best  sort  of  flame,  an  ordinary  single  prism 
spectroscope  provided  with  an  adjustable  slit  (the  width  of 
which  we  were  able  to  fix  by  closing  it  upon  wires  of  known 
diameter)  and  an  observing  telescope  moveable  so  that  different 
portions  of  the  spectrum  might  be  shut  out  at  will,  served 
suflSciently  well  for  the  work.  The  coils  were  made  of  No.  28 
platinum  wire  (0-32""*  in  diameter)  wound  in  about  thirty  turns 
to  a  spiral  V^  long  by  2"*™  in  diameter  and  twisted  together  at 
the  ends  to  form  a  long  handle.  With  the  apparatus  aescribed 
it  was  found  possible,  under  the  most  favorable  conditions,  to 
recognize  the  characteristic  red  line  of  the  potassium  spectrum 
when  only  xoVir  °™S'  ^^  potassium,  in  the  form  of  the  chloride, 
was  brought  to  the  flame.  It  appeared,  furthermore,  that  a 
comparison  of  the  brightness  of  two  spectra  produced  in  close 
succession  could  be  made  with  all  the  accuracy  to  be  antici- 
pated in  photometric  measurements,  and  that  therefore  by 
gradual  dilutions  and  successive  testings  a  solution  of  potas- 
sium chloride  of  unknown  strength  could  be  brought  to  the 
point  of  containing  as  much  potassium  to  the  coil-fuH  (and  so, 
of  course,  to  the  cubic  centimeter  or  any  other  chosen  volume) 
as  a  standard  solution  of  known  strength.     By  noting  the  final 

*  Gooch  and  Hart ;  this  Journal,  xlii,  p.  448. 
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volume  to  which  such  an  unknown  solution  was  brought  in 
the  process  of  equalizing  its  spectrum  with  that  of  the  stan- 
dard its  total  contents  in  potassium  was  determined.  In  this 
manner  the  strength  of  solutions  of  pure  potassium  chloride 
proved  determinable  with  accuracy,  but  when  the  effect  of 
intermixing  pure  sodium  chloride  with  the  potassium  salt  was 
studied  it  ti-anspired  that  the  brilliance  of  the  potassium  spec- 
trum was  marKedly  increased  by  the  presence  of  the  sodium 
in  the  flame,  the  maximum  increase,  which  amounted  to 
twenty  per  cent,  appearing  when  the  ratio  of  sodium  chloride 
to  potassium  reached  100  : 1.  It  was  found,  however,  that  the 
practical  difiiculty  of  determining  potassium  in  presence  of 
sodium  could  be  lar^ly  overcome  by  taking  the  precaution  to 
bring  the  test  solution  and  the  standard  to  apparent  equality 
as  regards  the  potassium  line,  then  to  bring  the  solutions  to  an 
equafity  in  respect  to  the  sodium  line  by  addition  of  sodium 
chloride  to  the  standard,  and  finally  to  readjust  the  volumes  of 
test  and  standard  until  the  potassium  lines  were  again  equal. 
The  accuracy  of  the  determination  of  the  potassium  is,  how- 
ever, in  spite  of  the  precaution,  somewhat  affected  by  the 
1)resence  of  sodium, — tne  error,  though,  sometimes  falling  as 
ow  as  -^  mg.  in  10  mg.,  rising  occasionally  to  1  mg.  in  15  mg. 
With  tne  excellent  gravimetric  method  which  we  possess  for 
the  determination  of  potassium  recourse  would,  naturally, 
never  be  taken  to  the  spectroscopic  method  except  in  cases 
when  the  determination  of  small  absolute  amounts  are  con- 
cerned, but  in  such  cases  the  spectroscopic  method  may  prove 
a  convenience. 

In  the  work  upon  potassium  the  observations  of  the  red  line 
were  made  in  the  ordinary  laboratory  in  diffused  light,  but 
preliminary  experimentation  upon  the  rubidium  spectrum 
immediately  developed  the  fact  that  the  blue  lines  are  better 
to  work  by  in  the  case  of  this  element,  and  that  a  dark  room 
becomes  a  necessity.  For  the  experiments  to  be  described 
pure  rubidium  chloride  was  prepared  by  many  fractional  pre- 
cipitations by  alcohol  out  of  aqueous  solutions,  and  in  settling 
the  question  as  to  the  coils  which  should  be  used  the  choice 
fell  upon  the  size  holding  0*02  grm.  of  water  and  made  of  the 
No.  28  wire,  the  superior  stiffness  of  these  and  consequent 
constancy  in  capacity  giving  them  the  advantage  over  smaller 
coils  of  finer  wire,  though  the  latter  are  capable  of  bringing 
out  greater  sensitiveness  of  the  reaction.  We  found,  for 
example,  that  under  the  most  favorable  conditions  as  to  height 
of  flame  and  width  of  slit,  0*0002  mg.  of  rubidium  chloride 

!)roduced  the  blue  lines  at  the  last  limit  of  visibility  when  the 
arger  and  heavier  coil  was  in  the  flame ;  with  a  coil  holding 
0*006  grm.  of  water  and  made  of  very  fine  wire  the  more 
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imraediate  volatilization  of  the  chloride  so  increased  the  deli- 
cacy of  the  spectroscopic  reaction  that  it  was  possible  to  see 
the*  lines  from  0*00005  mg.  of  the  salt.  These  figares  serve  as 
an  indication  of  the  possible  delicacy  of  this  method  of  pro- 
ducing spectra,  but  it  should  be  remembered  that  all  eyes  do 
not  see  the  rubidium  lines  with  equal  ease. 

In  experimenting  with  rubidium  sulphate  in  place  of  the 
chloride  the  lighter  coil  appeared  to  lose  its  advantage  in  point 
of  delicacy  of  the  indication  over  the  larger  coil,  possibly  be- 
cause the  amount  of  metal  introduced  into  the  flame  has  less 
influence  upon  the  rate  of  vaporization  of  the  less  volatile  sul- 
phate, and  the  lines  of  the  sulphate  appeared  equally  distinct 
and  of  longer  duration  than  those  of  the  chloride  ;  but,  while 
we  judged  the  sulphate  to  be  rather  preferable  in  qualitative 
work,  our  earlier  preliminary  quantitative  experiments  led  us 
to  abandon  it  for  the  purposes  of  our  investigation  on  account 
of  the  great  uniformity  in  the  lines  yielded  by  the  chloride. 
We  found  it  desirable  in  comparative  tests  of  brightness  to 
employ  as  the  standard  the  lines  given  by  amounts  of  the 
chloride  not  exceeding  0*0005  mg.  to  0*0007  mg.,  to  set  the 
slit  at  a  width  of  0-2"°*,  and  to  bring  the  coils  to  the  flame  in 
sets  of  three — the  first,  usually  a  standard,  serving  to  fix  the 
position  of  the  lines  so  that  the  comparative  distinctness  of  the 
lines  given  by  the  other  two  might  be  the  more  readily  deter- 
mined. The  tables  below  contain  the  record  of  an  attempt 
to  dilute  a  solution  of  the  pure  chloride  to  the  strength  of  the 
standard  solution  under  the  guidance  of  comparative  tests  of 
the  brilliance  of  the  spectral  lines  yielded  by  the  residue  left 
upon  the  wires  after  the  evaporation  of  the  solutions  taken  up 
by  coils  of  equivalent  capacity.  Dilutions  were  made  in  ordi- 
nary graduated  cylinders  of  suitable  capacity. 


EXPBRIMBNT  1. 

Standard. 

Test  (known  to 

Line  of  test 

Rubidium  in 

contain  10  mg  Bb.). 

compared 

a  coil-full 

(»^  cm8). 

Volume  in  cm*. 

with  standard. 

0-0005 

mg. 

200 

Blighter. 

u 

300 

Brighter. 

C( 

350 

Brighter. 

(C 

370 

Brighter. 

(( 

390 

Brighter. 

(( 

400  ) 

f  Brighter  (faintly). 

.< 

400  V 

j  Brighter  (faintly). 

(( 

400  ) 

(  Doubtful. 

l( 

410  i 
410  \ 

Brighter  (faintly). 

(( 

Weaker. 

(C 

420  [ 
420  j 

Equally  bright. 
Weaker. 

(( 

(C 

430 

Invisible. 
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When  the  volume  of  the  test-solution  reaches  400  cm"  the 
indications  are,  on  the  whole,  that  the  solution  is  still  stronger 
than  an  equal  volume  of  the  standard  ;  and  when  the  volume 
amounts  to  420  cm*  it  is  safe  to  conclude  from  the  indications 
that  the  test-solution  is  the  weaker.  If  the  mean  of  the  num- 
bers representing  these  two  volumes  be  taken  as  probably  indi- 
cative of  the  volume  at  which  the  test  and  standard  lines  are  at 
an  equality  we  have  the  estimated  amount  of  rubidium  in  the 
test-solution  given  by  multiplying  the  volume  in  cubic  centi- 
meters by  the  number  of  coil-fulls  in  1  cm*  and  the  product 
by  the  amount  of  rubidium  contained  in  a  coil  full  of  the 
standard  solution— 410x50x0-0005=10-25  mg.  The  amount 
of  rubidium  actually  taken  in  the  test  solution  was  10  mg.,  and 
the  error  of  the  mean  value  assumed  is  26  per  cent-f, 
between  extremes  corresponding  to  an  error  of  0  and  6  per 
cent  -f  5  respectively. 


Standard. 

Rubidium  in 

a  coil-full  (j^jy  cm'.) 

0-0005  mg. 


Experiment  II. 

Teat  (known  to 

contain  10  mg.  Rb.). 

Volume  in  cm*. 

340 
370 
370 
390 
390 


Line  of  test 

compared  with 

standard. 

Brighter. 
J  Equally  bright. 
(  Brighter, 
j  Weaker. 
(  Weaker, 


Found 


370  +  390 


X50X0-0005  =   9-6  mg. 


Taken 10-0    " 

Error 0-6    "   =6  per  cent. 


Experiment 

III. 

Standard. 

Test  (known 

to 

Line  of  test 

Rubidium  in 

contain  10  rag. 

Rb.). 

compared  with 

a  coil-full  (g^  cm«). 

Volume  in  cm*. 

standard. 

00005 

mg. 

300 

Brighter. 

u 

360 

Equally  bright. 

<( 

380 

Brighter. 

(< 

380 

Brii^hter. 

(I 

390 

Brighter, 

(C 

400 

Weaker. 

(( 

410 

Weaker. 

Foil 

-  390 
ind  

+ 

400 

^50V0-C 

1005  = 

9-875 

Taken 10- 

Error 0*125  =  1-25  per  cent. 
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These  results  make  it  plain  that  when  the  comparison  is 
made  between  solutions  of  pure  rubidium  chloride  the  spec- 
troscopic method  is  capable  of  yielding  fair  approximations  to 
truth.  In  the  practical  determination  of  rubidium,  however, 
the  question  of  the  effect  of  the  presence  of  sodium  and  potas- 
sium which  naturally  accompany  it  is  of  importance.  Atten- 
tion was  therefore  turned  next  to  the  consideration  of  this 
point,  and  the  record  of  observations  as  to  the  influence  of 
sodium  upon  the  brightness  of  the  rubidium  spectrum  is  con- 
tained in  the  accompanying  tabular  statement. 


Standard. 
Rubidium  in  a  coil- 
full  {-^  cm8). 

0-00066  mg.     ] 


Test  solution. 

Sodium  in  a 

coii-full. 

0-00026  mg. 

0-00260  ** 

0-00130  " 

0-00260  '* 

0-00260  *' 

0-00520  *' 

0-00260  " 

0-00660  " 
0-00260 
0-00780 
0-00260 
0-01500 


Comparison  of 
lines  of  test  by 
pairs. 


Comparison  of 

lines  of  test  with 

standard. 


Slightly  brighter.  ) 
Slightly  fainter,     j 

{•       Equally  bright. 
\       Equally  bright. 


\ 


Brighter. 
Fainter. 
Brighter.  ) 
Fainter.  J 
Brighter. 

Invisible  on  account 
of  glare. 


Brighter. 

Brighter. 

Brighter. 

Brighter. 

Brighter. 
Brighter. 

Invisible. 


It  appears  that  within  limits  the  presence  of  sodium  in  the 
flame  increases  the  brilliance  of  the  rubidium  spectrum.  The 
brightness  of  the  lines  is  raised  under  the  conditions  to  a  maxi- 
mum by  the  presence  of  sodium  to  forty  per  cent  of  the 
weight  of  the  rubidium,  and  increase  in  the  amounc  of  sodium 
does  not  further  influence  the  brightness  of  the  lines  until  the 
proportion  of  sodium  to  rubidium  is  as  ten  to  one;  or,  speak- 
ing broadly,  the  difference  between  the  dissociating  effect  of 
sodium  upon  the  rubidium  chloride  (to  which  we  attribute  the 
effect  noted)  does  not  appear  to  be  materially  different  whether 
one  or  a  score  of  molecules  of  sodium  chloride  are  present  to 
one  of  the  rubidium  chloride.  But  when  the  proportion  of 
sodium  to  rubidium  much  exceeds  ten  to  one  the  glare  of  light 
diffused  through  the  entire  spectrum  (though  the  sodium  line 
itself  may  be  cut  off)  begins  to  affect  the  vision,  and  as  the 
increase  advances  ultimately  extinguishes  the  rubidium  lines 
utterly.  The  degree  of  increase  in  brilliance  when  the  lines 
are  at  a  maximum  was  determined  by  diluting  the  test-solu- 
tion until  a  coil-full  gave  a  line  equally  brilliant  with  that  of 
the  standard. 
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Standard. 
Rubidium  in  a 
coil-full  (i\y  cm«). 

Test  solution. 

Rubidium  in  a 

coil-full  with  f,f 

of  its  weight  of 

sodium. 

0-00066  mg. 

CC                C( 
C(                 CC 

0-00066  mg, 
0-00048  *' 
0-00046  " 
0-00044  " 

Line  of  test 
compared  with 
standard. 

Brighter. 
Brighter. 
Brighter. 
Equally  bright. 

It  is  plain  that  at  the  maximum  degree  of  brilliance  the 
sodium  18  responsible  for  an  increase  of  fifty  per  cent  in  the 
brightness  of  the  lines. 

The  details  of  similar  experiments  in  which  potassium 
chloride  was  introduced  into  the  flame  with  the  pure  rubidium 
chloride  are  given  in  the  accompanying  tabular  statement. 


Standard. 

Rubidium  in  a 

coil-fuU  (^  cm*). 

0*00066  mg. 

CC  CC 


0-00066  mg. 


CC  u 


CC  CC 


Test  solution. 

Potassium  in 

a  coil-full. 

0-00020  mg. 

0  00040  '' 

0-00020  " 

0-00340  " 

0-00040  " 

0-00066  " 

0-00040  " 

0-00340  " 

0-00066 

0-00132 
'  000066 
"  0-00C46 

0-00066 

0-00660 

0  00066 

0-01320 

0-00066 

0-02000 

0-00066 

0-02660 

0-00066 

0-03340 

000066 

0-03340 


Comparison  of 

lines  of  test 

taken  by  pairs. 


Comparison  of 
lines  of  test 
with  standard. 


er. 


( 


Equally  bright.        Brighter. 


Brighter.  ) 
Fainter.    J 


Brighter. 


CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 
CC 


t      Equally  bright.        Brighter. 


Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter. 

Brighter. 

Fainter, 

Brighter. 

Invisible. 


Brighter, 
Brighter. 

Brighter. 

Brighter. 
Equally  bright. 

Brighter. 
Equally  bright. 

Brighter. 
Equally  bright. 

Brighter. 

Invisible. 


From  these  results  it  appears  that  the  presence  of  potassium 
produces  an  effect  upon  the  rubidium  lines  similar  to  that  of 
sodium ;  and,  furthermore,  the  addition  of  0*0004  mg.  of 
potassium  in  the  form  of  chloride  to  0-00066  mg.  of  rubidium 
also  in  the  form  of  chloride  brings  out  the  maximum  bright- 
ness which  is  not  materially  changed  by  further  addition  of 
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potassium  up  to  about  0*0018  mg.,  but  that  the  increase  of  the 

{potassium  to  0*0034  mg.  results  in  diminution  of  brightness, 
n  other  words,  it  seems  that  a  single  molecule  of  potassium 
chloride  has  approximately  the  same  dissociating  enect  upon 
the  molecule  ox  rubidium  chloride  in  the  flame  as  that  brought 
about  by  a  greater  number,  that  the  presence  of  potassium  in 
the  proportion  of  five  parts  to  one  of  the  rubidium  begins  to 
influence  visibility  unfavorably,  that  when  this  proportion 
rises  to  thirty  to  one  of  the  elements  (or  twenty  to  one  of  the 
chlorides)  the  lines  appear  about  as  distinctly  as  if  no  potas- 
sium were  present,  and  that  an  increase  of  proportion  to  fifty 
to  one  may  bring  about  a  suflScient  glare  of  light  to  reduce  the 
rubidium  lines  to  invisibility.  The  degree  of  increase  in  bril- 
liance due  to  the  action  of  potassium  when  that  element  is 
present  in  proportions  suitable  to  induce  the  maximum  effect 
IS  shown  in  the  following  record. 


Test  solution. 

Standard 

Rubidium  in  a  coil>fuIl 

Line  of  test 

Rubidium  in  a 

with  its  own  weight 

compared  with 

ooil-full  (jV  cm*). 

of  potassium. 

standard. 

0-00066 

mg. 

0*00066  mg. 

Brighter. 

C( 

0-00064    " 

Brighter. 

C( 

0*00067    " 

Brighter. 

<( 

0-00049    " 

Brighter. 

« 

0-00044    ** 

Equally  bright. 

« 

0*00040    « 

Fainter. 

It  appears  that  the  presence  of  0*0004:4:  mg.  of  potassium  is 
capable  of  increasing  the  brilliance  of  the  lines  yielded  by 
000044  mg.  of  rubidium  to  an  equality  with  the  lines  given 
by  0*00066  mg.  of  the  pure  salt ;  or,  that  the  maximum 
increase  of  brightness  amounts  to  fifty  per  cent. 

It  is  evident,  therefore,  that  means  must  be  found  to  effect 
the  separation  of  the  rubidium  from  sodium  and  potassium,  or 
of  bringing  test  and  standard  to  the  same  condition  as  regards 
the  presence  of  these  elements,  before  any  reasonable  degree 
of  accuracy  can  be  expected  in  the  spectroscopic  determination 
of  rubidium  as  it  ordinarily  occurs  in  nature.  The  separation 
from  sodium  is  easily  accomplished  by  the  conversion  of  the 
salts  to  the  form  of  chloroplatinates ;  but  for  the  quantitative 
separation  of  rubidium  from  potassium  there  is  no  good 
method  known.  The  question  as  to  the  practical  value  of  the 
spectroscopic  reaction  of  rubidium  for  purposes  of  approxi- 
mative quantitative  analysis  resolves  itself  into  the  problem  as 
to  whether  by  matching  potassium  lines  as  well  as  the  ru- 
bidium lines  (following  the  method  outlined  in  the  determina- 
tion of  potassium  in  presence  of  sodium),  and  so  bringing  the 
lines  of  test  and  standard  equally  under  the  influence  of  potas- 
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siom,  it  18  possible  to  make  the  comparison  between  the 
rnbidium  lines  trustworthy.  It  was  shown  ia  the  former 
paper  that  in  matching  solutions  of  potassium  by  means  of  the 
red  line  there  is  no  diflSculty ;  but  the  convenience  of  being 
able  to  use  the  spectroscope  without  readjustment  throughout 
the  entire  experiment  made  it  desirable  to  see  whether  the 
blue  line  of  potassium  might  not  serve  sufficiently  well  in  the 
comparison.  It  is  hardly  necessary  to  reproduce  here  in  detail 
the  evidence  bearing  upon  this  point,  but  we  found  as  the 
result  that  the  potassium  may  be  determined  by  the  use  of  the 
blue  line  with  an  error  amounting  to  10  per  cent  or  20  per 
cent,  which,  though  far  greater  than  that  inherent  in  the  use 
of  the  red  line,  admits  of  the  attainment  of  determinations 
which  should  be  accurate  enough  for  the  present  purpose. 
We  proceeded,  therefore,  to  make  a  determination  of  rubidium 
in  presence  of  potassium  by  the  process  referred  to,  the  details 
of  which,  are  given  in  Experiment  IV. 

Experiment  IY. 

standard  solution  containing  ]  ^2?^ -g'     ^"Sm  [   ^  '^^ 

coil-full. 
Test  solution  contained  8  mg.  rubidium  and  no  potassium. 

Stepl.  Step  2.  Step  3.  Step  4.  Step  6. 


PrelimiDary 


L 


Preliminary  test  matching:  of   K  Rematching  of    Keadjustment  ;Finalmatch- 

for  Rb.        '  line^ Rb  line.  of  K  line.      ing  of  Rbline. 

Tesf  at"20  cm*"    Test  at  2Fcm*  Test  at  35  cin8  "Test  at  35  cm»~  Test  at  35  cm» 

gave   Rb  line    gave  K  line  like  gave  Rb  lines   gave  K  line  like  gave   Rb   line 

like  standard,    standard    when  like  standard,  .standard  w  h  e  n  like  standard. 

1  mg.  of  K  had  *2   mg.     were! 

I     been  added.    .  present.         I 

Rubidium  found  35X50X0-0005  =  0-875  mg. 

*'  taken z=  0-8       *' 

Error r=  0-076  "  =  9-4  per  cent. 

It  is  evident  that  the  percentage  error  is  considerable,  but 
inasmuch  as  the  application  of  the  process  would  naturally  be 
to  the  determination  of  small  absolute  amounts  of  rubidium 
we  thought  it  desirable  to  go  a  step  further  to  see  whether 
means  are  at  hand  for  separating  large  amounts  of  potassium 
from  small  amounts  of  rubidium  with  an  approach  snflSciently 
near  to  completeness  to  bring  the  potassium  present  within 
the  limits  allowed  by  the  spectroscopic  method.  After  some 
experimentation  we  fixed  upon  the  simplest  possible  procedure, 
viz:  the  solution  of  the  salts  in  the  least  possible  amount  of 
water,  precipitation  of  the  mass  of  potassium  chloride  bv  addi- 
tion of  alcohol,  filtration,  and  the  evaporation  of  the  nitrate. 

Am.  Jour.  Sci.— Third  Series,  Vol.  XLIY,  No.  263.— November,  1892. 
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In  Experiments  V,  VI,  VII,  this  mode  of  working  was  put  to 
the  proof.  The  amonnts  of  mbidinm  indicated  were  dissolved 
in  the  form  of  the  chloride  in  water,  0*1  grm.  of  potafisinm 
chloride  was  added,  and  the  solution  was  evaporated  and 
treated  as  described. 


Rubidium  taken      Potassium  taken 


in  the  form  of 
chloride. 

V.  1 

VI.  2 

VII.  1 


mg. 


in  the  form  of 
chloride. 

O'l  grm. 
0-1    « 
01    " 


Rubidium 
found. 

0-8  m^, 
1-7   " 
0-9  " 


Absolute 
error. 

0'2  mg. 
0-3   " 
0-1   « 


Percentage 
error. 

20  per  cent 
15  per  cent. 
10  per  cent. 


The  error  of  the  process  is  manifestly  large,  and  only 
roughly  approximate  results  can  be  hoped  for  when  large 
amounts  of  rubidium  are  dealt  with ;  but,  if  the  question  is 
the  estimation  of  onlv  a  few  milligrams  of  rubidium,  it  will 
appear,  we  think,  in  view  of  the  fact  that  the  only  alternative 
is  an  indirect  process,  that  even  this  great  error  is  not  abso- 
lutely prohibitive  of  what  may  be  called  fair  determinations. 


XLIX. — Notes  on  the  Fa/rmington^  Washington  County^  Kanr 
saSy  Meteorite;  by  H.  L.  Preston. 

Professor  Henry  A.  Ward  has  just  cut  several  slices 
from  his  136i-pound  Farmington  meteorite,  which  have  un- 
veiled some  interesting  facts. 

In  appearance  the  slices  resemble  a  section  of  a  dark  gray 
conglomerate  (in  color  much  like  some  trap  rocks)  with  numer- 
ous small  patches  or  grains  of  iron  scattered  through  it,  the 
largest  of  which  is  11x6"'™  in  its  greatest  diameters. 

In  the  corner  of  three  of  these  slices  there  are  several  veins 
or  fissures  extending  from  10  to  75°*™  from  the  edge  of  the 
slice  toward  the  center ;  and  some  of  these  fissures  or  fractures 
are  filled  with  iron  for  65™™  in  length  from  the  edge  of  the 
slice  inward,  while  in  width  they  are  but  one  millimeter  or  less. 

On  the  opposite  end  of  the  slice  there  is  a  very  narrow 
vein,  about  90™™  long,  which  for  the  greater  part  of  the 
way  is  filled  with  iron.  Beyond  the  larger  grain  or  nodule 
spoken  of  and  these  veins,  the  balance  of  tne  iron  is  scattered 
rather  evenly  throughout  the  mass  in  comparatively  small 
grains. 

For  the  origin  of  these  fissures  and  their  partial  filling  up 
with  iron,  as  seen  in  the  accompanying  cut,  I  would  suggest 
the  following  explanation  : 
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That,  as  the  meteor  strack  our  atmosphere,  the  concussion 
was  so  great  that  the  mass  was  fractured  in  various  places,  of 
course  extending  from  the  surface  inward,  and  the  larger  of 
these  fissures  or  fractures  were  then  filled  bv  the  metallic  iron 
which  was  fused  on  the  exterior  surface  of  tlie  mass,  due  to  its 
velocity  through  the  atmosphere,  and  was  thus  forced  in  a 
molten  state  into  its  present  position,  thus  forming  the  metallic 
veins. 


Diagrammatic  sketch  of  slice  of  Farmington  meteorite,  showing  metallic  veins. 

(i  natural  size.) 

I  have  attempted  to  obtain  the  Widmanstatten  figures  on 
the  largest  nodule  of  iron  in  the  mass,  but  thus  far  have  been 
unsuccessful. 


Art.  L. — A  Note  on  the  Cretaceous  of  Northwestern  Mon- 
tana;  by  Herbert  Wood. 

The  geographical  position  of  the  Flathead  Coal  Basin  is 
indicated  by  the  accompanying  map,  it  being  a  continuation 
southward  of  the  Flathead  Valley,  south  of  the  North  Koo- 
tanie  Pass,  the  Elk  River  and  Crows'  Nest  Basins*  in  Southern 
British  Columbia  or  more  particularly  Alberta  Province.  It 
is  the  inter-mountain  Cretaceous  which  forms  the  connecting 
link  between  the  Cretaceous  of  British  Columbia  and  Tobacco 
Plains  to  the  northwest  and  the  Sand  Coulee,  Bozeman  and 
Rocky  Fork  Cretaceousf  east  of  the  main  range  or  Rockies 

*  Dawson,  G.  M.:  Report  (map)  1886,  Can.  Geol.  Sur. 

f  W.  H.  Weed :  Engineering  and  Mining  Journal,  May,  June,  '92. 
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proper  in  Montana.  Exposures  of  this  inter-moantain  series 
are  found  as  far  south  as  the  48th  parallel  along  the  banks  of 
the  south-  fork  of  the  Flathead  Itiver,  also  in  "the  vicinity  of 
Marias  Pass  through  the  Rockies.  Still  farther  south,  a  hun- 
dred miles  or  more  from  the  49th  parallel,  a  younger  series  of 


represent  the  limit  of  Gravel  Deposits. 

—  represent  the  Coal  Exposures  examined. 

the  Cretaceous  has  been  observed  in  the  vicinity  of  Missoula 
extending  18  miles  east  and  west  and  dipping  into  the  moun- 
tains at  30°  northwest.  It  consists  of  clays,  shales  and 
sandstones,  with  small  seams  of  impure  lignite,  and  capped 
with  a  heavy  conglomerate,  the  series  resting  unconformaoly 
on  the  greatly  denuded  upturned  beds  of  the  Cambrian  or 
Pre-Cambrian  rocks  which  dip  south  25°.  The  valley  is  a 
plateau  valley  from  fifteen  to  twenty-five  miles  in  width  and 
thirty  to  forty  in  length,  with  heavy  beds  of  bowlder  and 
gravel  detritus,  the  grooved  and  polished  rocks  (gray  quartz- 
ites  of  the  Cambrian),  on  the  flanks  of  the  southern  range 
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showing  the  glacial  path  as  40°  north  of  west.  These  gravel 
deposits,  consisting  largely  of  greenish  and  greenish-black 
amygdaloidal  traps,  have  a  thickness  of  one  hundred  to  one  hun- 
dred and  fifty  feet  on  the  upturned  edges  of  the  Cretaceous 
rocks,  their  lower  portions  being  formed  into  beds  of  calca- 
reonsly  cemented  sandstones  and  conglomerates.  The  origin 
of  the  amygdaloidal  trap  bowlders  is  no  doubt  in  the  interca- 
lated eruptive  rocks  of  the  Cambrian  and  Cretaceous  at  the 
north  ana  south  Kootanie  passes.*  All  the  valleys  of  this 
portion  of  Montana  have  a  southerly  or  southeasterly  direction 
exhibiting  evidences  of  glaciation  as  bowlder  clays,  lakes 
behind  terminal  moraines,  and  rounded  huramocky  remnants 
of  ranges,  in  some  case3  extending  for  150  miles  from  the 
boundary  or  those  higher  altitudes  which  existed  during  or  at 
the  close  of  a  supposed  epirogenic  movement.f  The  range 
flanking  the  valley  on  the  south  has  a  course  a  little  northwest 
with  numerous  transverse  valleys,  and  corresponds  with  the 
lower  Cambrian  Quartzitic  series  or  Bow  River  series,  as  noted 
by  McConnell.J  It  dips  east-northeast  under  the  upturned 
coal-bearing  Cretaceous  rocka  The  Cambrian  here  consists  of 
heavily  bedded  red  quartzites  changing  to  sandstones  alter- 
nating with  thinly  bedded  dark  red  argillaceous  shales,  and 
lower  in  the  series  with  greenish  quartzites  of  ribbanded  char- 
acter, the  upper  portion  of  the  series  immediately  underlying 
the  Cretaceous  consisting  of  greenish  gray  quartzose  slates. 
The  total  thickness  of  this  lower  Cambrian,  i.  e.,  all  that  below 
the  dolomitic  limestone  and  shales,  as  given  by  Dawson§  is 
11,000  feet;  by  McConnelll  and  Wakott^  10,000  feet— the 
latter  of  whom  has  recorded  his  results  from  the  Gallatin  sec- 
tion, eastern  Montana.  A  rough  traverse  made  here  along 
Coal  Creek  gave  me  2^  miles  of  upturned  Cambrian  rocka 
The  total  thickness  of  the  series  as  given  by  Dawson  is  29,000 
feet. 

A  search  was  made  for  fossils  but  none  were  obtained,  nor 
does  it  appear  that  any  were  found  in  this  series  in  southern 
British  Columbia.  The  dip  of  the  red  quartzites  is  25°  E.N.E., 
while  the  dip  of  the  gray  quartzose  slates  immediately  under 
the  Cretaceous  is  35°  to  40°  E  N.E.,  with  a  strike  20°  north  of 
west.  Evidences  of  shore  lines  were  observed  in  the  shape  of 
ripple  marks,  but  no  conglomerates  or  intercalated  contempo- 
raneous tmppean  rocks.     The  direction  of  this  range  is  nearly 

*G.  M.  Dawson:  Report  1886,  pp.  46,  47,  57. 

f  Upham  :  Class,  of  Mount.  Ranges. 

X  McConnell:  Rep.  1887,  C.  G.  S.,  p.  29. 

§  Dawson:   Rep.  188«5,  0.  G.  S.,  p.  6J. 

I  McConneU:   Rep.  1887,  C.  G.  S.,  p.  29. 

*f  Walcott:  Correlation  papers  Camb.  G.  Survey.  U.  S. 
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east  and  west  while  the  range  west  of  the  Flathead  at  the 
boundary  has  a  northwesterly  trend,  the  rocks  as  noted  by 
Dawson,  '*  greenish  close-grained  quartzites*  and  red  sand- 
stones "  being  altogether  likely  the  same  geological  horizon  as 
those  farther  Boutn.f  He  notes,  however,  farther  west  "a 
hard  greenish  amygdaloidal  diorite."  If  such  intercalations 
arejpresent  south  of  here  they  escaped  ray  notice. 

The  Cretaceous  beds  rest  with  their  upturned  edges  against 
the  greenish  gray  quartzose  slates  of  the  Cambrian.  It  consti- 
tutes a  series  of  clays,  clay  shales,  coarse  and  fine-grained 
sandstones  of  about  7,500  feet  in  thickness:}:  corresponding 
with  that  of  the  North  Kootanie  series.  At  the  base  of  the 
Cambrian  range  the  dip  of  the  Cretaceous  is  50°  E  N.E.  and 
If  miles  north  across  the  strike  the  dip  is  8°  and  10° 
E.N.E.,   this    section   at   Coal    Creek    showing    the   greatly 


p 


Section  at  Coal  Creek. 

1.  Cambrian.  4.  Grave]  Deposits. 

2.  Cretaceous.  5.  Flathead  Hiver. 

3.  Camb.  Pev.  Sub-Carb.  (Rockies). 

denuded  southern  margin  of  a  synclinal  fold.  The  basal  por- 
tion of  1,000  feet  of  the  series  is  coal-productive,  exhibiting  15 
or  20  seams  of  lignite.  The  upper  portion  of  the  series  con- 
sists of  heavily  bedded  sandstones  with  shaley  partings  with 
some  small  seams  of  impure  lignite.  A  phenomenal  local 
thickening§  of  the  coal  seams  was  observed  two  miles  south- 

*  Dawson  :  Rep.  1886,  p.  55. 

f  One  hundred  miles  directly  south  of  this  in  the  vicinity  of  Missoula,  a  few 
fossils  were  obtained  in  the  siliceous  limestone  (dolomite)  identified  by  Mr.  Chat. 
Schuchert  as  Obolella.  One  or  two  fossils  were  found  in  the  red  semi-argtlla- 
ceous  slates  also  but  are  not  yet  identified. 

X  This  is  the  result  of  a  tape  line  measurement  and  foot  traverse  made  at  Coal 
Creek. 

gCoal 6  inches.    Coal 22  inches. 

Clay  shale 16       '         Free  Sandstone 77      '* 

Coal 33      ''         Coal 3      " 

Clay  shale 6      "         Clay  shale 68 

Coal 45      "  Coal 40      " 

Sandyclay 96      "         Clay 38      " 

Coal 2      *'         Coal I3i  feet. 

Clay 3      "         Clay 21  inches. 

Coal 7      "         Coal 48      - 

Clay H      " 

Three  additional  seams  of  coal  outside  the  tunnel  aggregated  12  feet. 
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east  of  Coal  Creek  canyon  at  the  Emerson  Tunnel,  thirteen 
seams  being  exposed  in  150  feet.  One  seam  measured  13^ 
feet  and  the  combined  thickness  of  the  different  coal  seams 
equalled  42  feet. 

No  fossils*  were  observed  in  the  series  nor  intercalated 
traps,  ash  beds  or  agglomerates,  as  noted  by  Dawson,  f 

Ten  miles  northwest  of  Coal  Creek  and  four  miles  north  of  • 
the  Cambrian  range,  a  heavy  conglomerate  of  red  and  green 
cmartzite  pebbles  (presumably  of  Cambrian  origin)  was  found. 
These  heavy  conglomerates  are  described  by  Dawson  as  occur- 
ring at  Crow's  N,est,  Kootanie  Passes,  and  other  places — the 
volcanic  horizon  occurring  apparently  above  this.  My  detour 
did  not  extend  to  the  boundary,  but  eight  or  ten  miles  south  of  it. 
It  is  not  improbable  that  the  upper  portions  of  the  series  might 
be  found  near  the  line.  My  observations  extended  over  four- 
teen miles  along  the  strike  of  the  rocks,  and  1  found  that  the 
margin  of  the  fold  swings  from  12°  S.  of  west  at  the  Emer- 
son Tunnel,  through  all  intermediate  variations  to  25°  north  of 
west,  this  latter  observation  being  taken  14  miles  northwest  of 
the  first.  This  last  strike  was  taken  four  miles  north  of  the  • 
Cambrian,  and  suggested  the  assumption  of  some  intervening 
formations  between  this  and  the  Cambrian,  possibly  Devonian.:|: 
A  large  number  of  dips  taken  throughout  the  series,  gave  a 
gradual  variation  from  61°  E.N.E.  to  8°  E.N.E.  Across  the 
strike  of  two  rniles  or  a  little  less,  a  rapid  change  in  dip  was 
noted  at  the  Emerson  Tunnel,  two  miles  southeast  of  Coal 
Creek.  The  tunnel  is  102  feet  in  length  and  gave  a  variation 
from  back  to  front  of  ten  degrees — 51°  to  41°  northeast.  The 
presence  of  the  conglomerate,  the  absence  of  any  evidences  of 
volcanic  action,  as  well  as  fossils,  the  relative  position  in  the 
series  of  the  clays,  shales,  and  sandstones,  with  a  basal  coal 
productive  series,  as  well  as  the  thickness  of  the  whole,  seems 
to  correlate  these  beds  with  Dawson's  series  observed  at  North 
Kootanie,§  making  this  region  identical  with  the  Crow's  Nest 
valley.  The  latter  beds,  however,  seem  to  display  a  greater 
variety  of  fossiliferous  forms. 

It  may  be  said  here  that  the  Bozeman,  Cinnabar  and  Kocky 
Fork  Fields!  are  of  Laramie  age,  while  the  Sand  Coulee  is 
lower  in  the  geological  horizon. 

The  coal  is  a  lignite,  exhibiting  no  changed  condition  result- 
ing from  crushing  or  violent  metamorphic  action  as  sliown  by 

*  One  fossil  plant  form  was  found  in  a  heavily  bedded  series  of  sandy  clays  30 
feet  in  thickness,  10  miles  west  of  Coal  Creek. 

t  Dawson:  Report  1886,  pp.  57,  69. 

J  The  Report  of  '86,  Can.  Geol.  Survey,  shows  the  Devonian  as  crossing  the 
boundary  on  the  west  side  of  the  Flathead  River. 

f  Dawson:  Report  1886,  pp.  64,  69. 
Weed :  Engineering  and  Mining  Journal. 
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the  Elk  River,*  Crows'  Nestjf  Cascade  coal,  these  being  semi* 
bituminous  and  anthracitic  in  character.  In  these  latter  in- 
stances the  flexure  is  more  complex  and  shows  evidences  of 
?:reat  crushing  and  metamorphic  action.  The  coal  of  Sand 
Joulee  and  Bozeman  and  Rocky  Fork,:]:  is  also'  bituminous  in 
character — the  latter  region  having  been  subjected  to  volcanic 
action,  intercalated  beds  and  dikes  of  eruptive  rocks  being  a 
feature,  which  indeed  characterizes  many  sections  of  the  Cre- 
taceous in  the  west.  The  Cretaceous  here  has  not  been  thus 
disturbed,  the  coal  being  purely  lignitic  throughout,  contain- 
ing nodules  or  lumps  of  mineral  resin,  presumably  succinite 
or  an  allied  mineral.  The  series  has  been  subject  to  lateral 
squeezing,  folding  and  upheaval  which  turned  the  beds  up 
against  the  Cambrian  on  the  south,  and  against  the  Rockies^ 
the  Cambrian,  Devonian  and  Sub-Carboniferous  on  the  north. 
No  examination  was  made  along  the  north  side  of  the  valley 
for  Cretaceous,  but  the  evidence  all  affirms  the  supposition  of 
a  simple  synclinal  fold,§  much  the  same  as  exhibited  at  the 
North  Kootanie  Pass — the  upheaval  following  at  the  close  of 
•  the  Cretaceous  period.  The  Cambrian  has  been  subjected  at 
least  to  two  periods  of  upheaval,  if  not  more,  the  first  being 
Palaeozoic  ana  the  last  as  above  mentioned.  This  is  shown  in 
the  position  of  the  Cretaceous,  one  hundred  miles  south  of 
this  resting  unconformably  on  the  greatly  eroded,  upturned 
edges  of  the  Cambrian,!  where,  however,  the  Cretaceous  has 
not  been  subjected  to  any  flexure  or  folding,  but  to  a  slow 
upheaval  or  movement  of  the  crust  which  must  have  been 
pretty  general  in  its  character. 


Abt.  LI. — The  Deep  Artesian  Boring  at  Galveston^  Texas; 
by  Robert  T.  Hill. 

An  experimental  well  has  recently  been  drilled  for  the  city 
of  Galveston,  Texas,  to  the  depth  of  nearly  three  thousand 
feet,  the  results  of  which  are  of  great  value  to  geologists 
interested  in  the  sedimentation  of  the  Gulf  of  Mexico. 

Galveston  is  situated  on  one  of  the  island  sand  bars  that 
mark  the  western  border  of  the  Gulf  and  nearly  the  entire 
depth  of  the  drill  hole  is  below  sea  level.     Hence  the  accora- 

*  Dawson :  Rep.  1 886,  p.  69. 
f  Ibid. :  Mineral  Wealth,  Br.  Columbia, 
t  W.  H.  Weed :  Kug.  and  Min.  Jour..  Maj  and  June. 

§  Some  eTidences  have  been  obtained  from  the  descriptive  topography  of  sur- 
veyors of  minor  flexure. 

I  ProvisionaUy  given — may  be  Pre-Cambrian. 
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panying  record  is  entirely  of  sediments  constituting  the  present 
sea  bottom. 

In  the  Engineering  News  of  August  11,  1592,  Mr.  Byrnes, 
the  contractor,  published  a  valuable  article  ou  the  engineering 
problems  involved,  together  with  the  following  section  illus- 
trating the  character  and  thickness  of  the  sediments  passed 
through  up  to  that  date.  Work  has  since  been  continued  on 
the  well  and  it  is  no  doubt  at  present  down  to  three  thousand 
feet : 

Gray  sand Oft. 

Red  clay,  with  shells 46 

Red  and  blue  clay  with  shells    63 

Same  with  fragments  of  wood 84  to  1 00 

Gray  and  reddish  sand,  with -occasional  logs,  84  to  100 

Red  clay  and  shell  of  337 338 

Sand  with  wood  and  shell 400 

Sand  and  sandy  clay  to 

Top  of  water  sand 82*7 

Water  sand,  827  to 882 

Sand  (principally)  and  clay  with  wood  and  shell . . 

882  to  1089 

Very  hard  rock,  probably  conglomerate 1089  to  1090 

Sandy  clay  and  sand  to 1 260 

Water  sand  1260  to. 1228 

Sandy  clay,  varying  hardness 
Sandstone 

Water  sand  1493  to 1510 

Clay  with  shell,  pebble  and  lime 1520 

Sand  with  same  clay  strata  to 

Calcareous  sandstone  probably 1754  to  1 768 

Sand  to 1862 

Clay  (principally)  and  sand  to 2163 

Clay  with  shell  and  wood  fragments 2163  to  2196 

Same.     Also  sand  and  joint  clay  to 

Concretionary  limestone,  probably 2288  to  2291.5 

Sand  and  joint  clay  with  shell  and  wood 2349 

Water  and  sand  to 2349 

Clay  and  fine  sand 2397 

Red  and  blue  clay 2425 

Water  sand 2425  to  2443 

Red  and  blue  clay  and  lignite 2443 

Red  and  blue  clay  with  alternating  sand  strata 2504 

Water  sand  and  blue  clay 2604  to  2567 

Indurated  gray  sand  to 2698 

Blue  and  red  clay,  some  gravel  to 

Very  fine  gray  sand  at ,,2631  to  2637 

Red  and  blue  clay 2653 

Pale  yellow  clay 2698 
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Blue  and  yellow  clay,  and  gray  sand 2773 

Very  soft  blue  clay  and  reddish  clay 2733  to  2871 

Coarse  sand  w 2871  to  2863 

The  drill  was  in  soft  clay  and  fine  sand  at 2863 

No  paleontoloffic  data  having  been  given  I  can  only  inter- 
pret these  through  my  knowledge  of  the  outcrop  of  the  strata 
on  the  adjacent  coastal  plain  bordering  the  Gulf  east  of  Austin 
and  San  Antonio.  It  is  said  that  Mr.  Singley,  a  local  observer, 
has  carefully  collected  the  paleontologic  data,  which  it  is  hoped, 
he  will  publish. 

In  studying  the  section  one  is  impressed  by  the  littoral 
character  of  its  material  and  the  absence  of  indurated  or  con- 
solidated rock,  and  the  chalky  marls  and  limestones  charac- 
teristic of  the  Upper  Cretaceous  formation,  leaving  the 
impression  that  the  2863  feet  of  sediments  are  almost  if  not 
entirely  composed  of  post  Cretaceous  beds. 

Every  foot  of  the  deposits  passed  through  in  the  well  can 
be  seen  in  the  adjacent  outcrops  of  Texas  to-day.  These 
belong  to  three  formations.  The  provisional  interpretations  I 
would  place  upon  the  well  are  as  follows : 

No.   Strata  in  well.  Formation.  Age. 

1  0-827  Coast  Prairie  Beds.        Pleistocene. 

2  827-1754  Fayette   Sands   of  Pliocene  Miocene. 

Penrose. 

3  1764-2653  Lignitic  Eocene.  Eocene. 

4     

6     2653-2863         Probably  Eocene  but  may  be  Upper  Cretaceous. 

These  formations  have  been  described  by  Penrose,  McGee 
and  the  writer.  No.  1,  the  Coast  Prairie  beds  are  supposed 
by  McGee  to  represent  the  southern  stage  of  the  former 
Columbian  formation,  and  were  laid  down  at  marine  base-level 
continuing  around  the  coast  into  Louisiana,  No.  8,  is  the  well 
known  Eo-Lignitic  formation  of  the  southern  United  States, 
as  described  originally  by  Hilgard  as  the  Great  Northern  Lig- 
nite.* Penrosef  has  shown  the  general  character  of  the 
formation  in  Texas  and  the  writer:]:  in  Arkansas.  It  is  un- 
doubtedly the  direct  geographic  continuation  in  part  of  the 
Laramie  beds  of  the  Eocky  Mountain  region,  as  shown  by  Dr. 
C.  A.  White§  and  the  writer.  ||  No.  2— the  Fayette  Sands- 
is  a  more  problematical  formation.     Its  general  occurrence  has 

*  Agriculture  and  Geology  of  Mississippi,  Jackson,  1860. 
f  Preliminary  Report  on  the  Geology  of  the  Gulf  Tertiary  of  Texas,  from  Red 
River  to  the  Rio  Grande.  Austin, 
t  The  Neozoic  Geology  of  Southwestern  Arkansas,  Little  Rock,  1881. 
§  Tills  Journal. 
I  Notes  on  the  Texas  New  Mexican  Region,  Bull.  Geol.  Soc.,  vol.  lii,  1891. 
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been  pointed  out  by  Penrose,  but  no  satisfactory  interpreta- 
tion has  been  made  of  its  limitations  and  history.  As  snown 
by  Shumard*  and  Copef  it  contains  the  wonderful  mam 
malian  vertebrate  fauna  of  the  Loup  Fork  and  Equus  beds 
which  are  supposed  to  be  of  Miocene  and  Pliocene  age.  Its 
sediments  are  identical  in  many  unique  characters  with  those 
of  the  formations  I  have  seen  in  Nebraska  and  on  the  Staked 
Plains  containing  besides  the  same  vertebrate  remains  the 
peculiar  opalized  wood  and  quartz  grains  imbedded  in  a  lime 
matrix  identical  with  the  mortar  beds  of  Kansas  described  by 
Hay.  It  is  evidently  the  coast  ward  extension  of  the  Great 
Plains  formation  which,  as  I  have  shown,  extends  over  the 
whole  Llano  Estacado  to  the  Rio  Grande:]:  as  far  as  SpoflEord 
Junction.  Whether  this  formation  was  deposited  at  marine 
base-level  or  was  laid  down  upon  the  land  after  the  manner  of 
deposition  now  going  on  so  extensively  over  the  arid  region  of 
Mexico  is  an  interesting  problem.  One  fact  is  positive,  how- 
ever, and  that  is  that  it  represents  a  period  of  great  aridity 
which  prevailed  in  Miocene  and  Pliocene  time  throughout  the 
region  of  its  occurrence. 

These  three  sheets  of  sedimentation,  representing  827  feet 
of  Pleistocene  beds,  927  feet  of  later  Tertiary — Miocene  and 
Pliocene — and  2000  feet  of  Eocene  deposits  reveal  a  great 
load  upon  the  coastal  plain,  and  each,  according  to  the  doc- 
trine ot  isostasy,  would  afford  a  suflBcient  factor  to  account  for 
the  important  movements  of  their  respective  epochs. 

Could  the  well  go  deeper  into  the  2500  feet  of  Upper  Cre- 
taceous chalks  and  clays  and  the  2500  feet  of  Comanche 
deposits  the  total  load  upon  the  Gulf's  margin  since  the  sea 
first  began  its  oscillations  over  the  Texas  region  in  Wealden 
time  would  amount  to  8000  feet. 

The  oldest  and  latest  of  the  three  divisions  into  which  I 
have  divided  the  section,  the  Eocene  and  Columbian  respec- 
tively, were  deposited  in  very  shallow  water  under  conditions 
identical  with  the  sedimentation  of  to-day,  while  the  middle 
division  no  doubt  represents  even  as  shallow  if  not  shallower 
deposits  but  under  entirely  different  climatic  conditions.  All 
must  represent  subsidence,  although  tliere  were  no  doubt 
intervening  periods  of  elevation  which  can  only  be  interpreted 
upon  the  land,  according  to  the  methods  of  the  modern  school 
of  physical  geologists.  The  total  subsidence  of  the  old  Eocene 
shore  line,  according  to  this  boring  has  amounted  to  nearly 
three  thousand  feet. 

•Trans.  St.  Louis  Academy  of  Science,  vol.  ii,  1868,  pp.  140-141. 
+  Various  papers  of  Professor  E.  D.  Cope. 

X  Occurrence  of  Underground  Water  in   the  Texas    New    Mexican    Region. 
Washington,  D.  C,  1892. 
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Art.  LII. — Notice  of  a  iiew  Lower  Oriskany  Fauna  in 
Columbia  County ^  Ne\o  York  ;  by  C.  E.  Beecher.  With 
an  annotated  list  of  fossils ;  by  J.  M.  Clarke. 


In  1890,  while  making  collections  and  geological  sections 
in  the  Becraft's  Mountain  region  of  Colombia  County,  New 
York,  a  fauna  was  discovered  by  the  writer,  which  in  many 
respects  is  new  to  the  State.  Its  affinities  are  with  the  Oris- 
kany, but  its  geological  position  is  below  the  true  Oriskany 
sandstone.  It  appears  to  include  a  part,  at  least,  of  what  has 
been  considered  as  the  Upper  Pentamerus  limestone,  and  has 
been  referred  to  the  Lower  Helderberg  group  on  account  of 
its  lithological  characters  and  upon  insufficient  paleontological 
grounds.  The  fauna  of  the  Upper  Pentamerus  in  its  original 
locality  (Schoharie,  N.  Y.)  has  previously  been  recognized  to 
contain  several  species  quite  distinct  from  the  ScutelTa,  Shaly, 
and  Lower  Pentamerus  limestones,  which  represent  the  typical 
Lower  Helderberg  group.  Moreover,  as  the  complete  fauna 
has  remained  unknown  and  the  series  has  been  confused  with 
the  underlying  Scutella  limestone,  no  exact  correlations  have 
been  made. 

From  the  fossils  now  known  from  Becraft's  Mountain  and 
several  other  localities,  it  is  evident  that  the  relations  of  the 
fauna  contained  in  the  upper  beds  of  the  series  above  the 
Scutella  limestone  and  just  below  the  Oriskany  sandstone  are 
with  the  latter,  and  not  with  the  Lower  Helderberg  group. 
This  is  shown  by  the  presence  in  these  beds  of  such  typical 
Oriskany  species  as  Edriocrinus  saccuZus^  Pholidops  termi- 
nalisj  Lejptostrophia  magiiiiica^  Hipparionyx  proximuSy 
Leptoccalia  flaheUites^  Spirtjer  a7*rectus,  Spirifer  arenosn^, 
Cyrtina  rostrata,  RhynchonMaohlata,  and  Rensselceriaovoides, 
This  list  has  been  revised  by  Mr.  C.  Schuchert,  who  has  made 
a  careful  study  of  the  Oriskany  brachiopods. 

At  Becraft's  Mountain  the  rock  is  a  hard,  cherty,  arenaceous 
limestone,  weathering  into  a  rotten  fine-grained  sandstone, 
preserving  the  moulds  of  the  fossils  or  their  silicified  replace- 
ments. On  Catskill  Creek,  near  Leeds,  as  shown  by  speci- 
mens received  from  Mr.  W.  W.  Dodge,  the  rock  contains  less 
sand,  and  does  not  weather  into  a  softer  condition.  At  Port 
Jervis,  N.  Y.,  it  is  in  general  still  more  calcareous,  although  there 
are  some  cherty  layers,  and  many  of  the  fossils  are  silicified. 
Here,  too,  the  series  is  continuous  from  the  Oriskany  sand- 
stone down  through  the  trilobite  beds  of  Mather,  Horton  and 
Barrett.      The  arenaceous  character  of    the  beds  gradually 
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decreases  downwards,  carrying  the  typical  Oriskany  species 
into  the  Dalmanites  denlMua  layers  and  below,  and  making 
the  whole  series  of  this  group  at  Port  Jervis  probably  over 
two  hundred  feet  in  thickness,  of  which  one  hundred  or  more 
belong  to  the  Lower  Oriskany.  The  relations  of  these  beds  to 
the  Oriskany  was  appreciated  by  Barrett,*  who  was  led,  how- 
ever, to  refer  them  to  the  Lower  Helderberg  on  account  of  the 
occurrence  of  some  doubtful  Lower  Helderberg  species  and 
their  stratigraphical  position. 

In  the  paper  on  Becraft's  Mountain  by  "W.  M.  Davi8,t  the 
Upper  Pentamerus,  including  the  Scutella  limestone,  is  stated 
to  have  a  thickness  of  from  forty  to  fifty  feet,  followed  directly 
by  the  Cauda-galli  shales.  At  Kondout,  he  recognized  a  re- 
currence of  the  Shaly  limestone  above  the  Scutella  beds.  The 
same  conditions  obtain  at  Becraft's  Mountain,  and  at  the  top 
occur  the  few  feet  of  cherty  and  arenaceous  beds  containing 
the  Lower  Oriskany  fossils. 

The  paleontological  aspect  of  this  fauna  is  of  much  interest, 
especially  on  account  of  the  large  number  of  genera  and  spe- 
cies new  to  the  Oriskany  group  and  species  new  to  science. 
Even  the  forms  which  are  characteristic  of  the  Oriskany 
sandstone  above  offer  slight  variations  in  size  and  features 
which  enable  them  to  be  recognized  as  from  a  somewhat  older 
horizon.  As  a  whole,  the  fauna  is  transitional.  A  few  of  the 
Lower  Helderberg  types  lingered;  others  were  changed  into 
species  intermediate  between  Lower  Helderberg  and  true 
Oriskany  and  Cornif erous  forms ;  and  new  types  also  appeared, 
which  in  the  higher  rocks  reached  a  greater  development. 
Among  some  of  the  new  types  of  structure  may  be  mentioned 
the  coarsely  plicate  Leptocoelia,  the  Spirifers  with  plications  in 
the  sinus  and  the  Corycephalns  group  of  Dalmanites,  having 
the  outer  margin  of  the  cephalon  denticulate.  c.  E.  B. 


II. 

A  preliminary  List  of  the  Species   constituting  the    Oriskany 
fauna  of  Becraft's  Mt.,  N.  Y. 

(Names  in  roman  are  of  species  present  in  the  normal  Oriskany  or  Hipparionyx 
fauna  of  Central  Xew  York  and  the  Schoharie  Section ;  for  convenience  of  reference 
the  letters  K  and  D  are  placed  before  names  of  species  belonging  respectively  to 
Lower  Helderberg  and  upper- Lower,  or  Middle  Devonian  types.) 

FisHKS.     1.  Spine  of  undetermined  species. 

Annelids.     2    Spirorhis  sp. 

(D)  3.  Autodefus  sp  n.  This  genus  is  also  represented  in  the  Hamilton  shales, 
but  by  a  much  larger  species. 

♦Ann.  Lyceum  Xat.  Hist.  X.  Y.,  vol.  xi,  p.  297,  1876. 
tThia  Journal,  111,  vol.  xxvi,  pp.  381-389,  Nov.,  1883. 
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Tkilobites.  (H)  4.  DcUmanites  sp.  n.  A.  k  large  Odoniochfle  with  a  series  of 
marginal  crenulations  about  the  cephalon,  of  the  character  of  those  in  D.  plewrop- 
tyx  of  the  Shaly  limestone  and  D.  anchiops,  of  the  Schoharie  grit,  but  more 
extensive  than  either.  The  lateral  glabellar  lobes  are  more  confluent  than  in 
the  earlier  (Niagara  and  Lower  Helderberg)  species.  The  genal  angles  end 
obtusely  or  in  small  spines.  The  pygidium  is  broad  and  unusually  short,  ending 
in  a  sharp,  angular  termination,  but  not  in  a  spine.  Annulations  simple  and  yery 
distinct ;  about  10  on  the  axis  and  9  on  the  pleursB.  This  is  the  largest  and  most 
abundant  of  the  species.    Some  of  the  cephala  measure  3-^  inches  in  diameter. 

(H)  5.  Dalmanites  .<«p.  n.  A.  var.  This  is  represented  by  a  series  of  pygidia 
similar  in  annulation  to  the  foregoing  but  persistently  different  in  much  smaller 
size,  more  slender  form  and  tapering  outline.  It  is  closely  similar  to  D.  micrwnu^ 
of  the  Lower  Helderberg,  but  less  abundantly  annulated. 

6.  Dalmanites  sp.  n.  B.  Long,  slender  pygidia  with  acute  but  not  extended 
terminal  spine.  Annulations  of  axis  about  16  ;  of  pleurae,  12.  On  the  axis  is  a 
double  median  row  of  conspicuous  tubercles  and  there  are  irregularly  scattered 
tubercles  on  the  pleural  ribs.  This  may  be  compared  in  form  and  ornament  with 
D.  deniattts,  of  the  Port  Jeryis  series,  but  it  is  more  abundantly  annulated  and 
without  the  strong  caudal  spine  of  that  species. 

7.  Dalmanites  sp.  n.  C.  A  single  pygidium,  quite  distinct  from  the  rest,  has  a 
tapering  outline,  high  convexity,  broad,  acute  caudal  extremity  and  strong  simple 
annulations.  There  are  7-8  annulations  on  the  axis,  8-9  on  the  pleura,  all  termi- 
nating at  a  considerable  distance  from  the  extremity  of  the  shield.  The  expres- 
sion of  this  pygidium  is  well  defined  and  suggests  in  some  respects,  that  of  a 
small,  sharply  annulated  Homalonotus. 

(H)  8.  Dalmanites  sp.  ?  B.  There  is  evidence  of  another  species  of  this  genus 
with  a  pygidium  somewhat  similar  to  that  of  D.  pUuroptyx. 

(D)  9.  Dalmanites  phacoptyx^  Hall.  This  species  has  heretofore  been  known 
only  in  the  Upper  Helderberg  limestone  of  the  Province  of  Ontario. 

(H,  D)  10.  Phacops  sp.  n.  Heads  and  pygidia  are  not  uncommon.  The 
form  of  the  glabella  is  somewhat  appressed  laterally  and  is  suggestive  of  P,  cepha^ 
lotes  Barr.  The  genal  extremities  bear  a  single  spinule  or  tubercle  as  in  P.  Logani, 
of  the  Shaly  limestone,  and  P.  pipa,  of  the  Upper  Helderberg,  but  the  glabella 
does  not  show  the  lateral  furrows  distinctive  of  the  earlier  species  of  this  genua. 
The  segments  of  the  thorax  bear  nodes  at  the  axial  furrows,  such  as  characterize 
P.  Logani,  though  the  annulations  of  the  pygidium  do  not  appear  to  be  duplicate 
as  in  the  Lower  and  Upper  Helderberg  species.  Some  small  examples  do  not 
have  the  thoracic  nodes  and  these  may  represent  a  distinct  specific  form. 

(D)  11.  Phacops  {Acaste)  cf .  anceps,  Clarke.  This  species  has  heretofore  been 
found  only  in  the  Upper  Helderberg  of  the  Province  of  Ontario. 

(D)  12.  Homalonotus  sp.  Occasional  fragments  indicate  a  species  of  small 
size,  differing  from  the  gigantic  ff.  major,  occmring  in  the  Oriskany  sandstone  of 
Ulster  Co. 

(H)  13.  Co7'dania*  B^.  n.  Allied  to  C.  cyclurus,  UaM,  of  the  Shaly  limestone 
but  diffenng  in  details  of  ornamentation. 

(H,  D)  14.  Cyphaspis  sp.  n.  Of  the  type  of  C.  codebs  (Lower  Helderberg)  and 
C.  minuscula  (Upper  Helderberg)  but  with  proportionately  much  larger  cephalon. 

(D)  15.  Proeftfj  sp.  n.?  A.  A  small  form  of  the  P.  angustifrons-clarus-Rowi 
type. 

(D)  16.  Proetus  sp.  n.  B.  A  much  larger  form  with  highly  convex  glabella  and 
multiannulate  pygidium ;  of  the  type  of  P.  crassimarginatus  of  the  Upper  Helder- 
berg. 

(H)  17.  Acidaspis  iuberculatus,  Conrad.  A  characteristic  species  of  the  Shaly 
limestone. 

OSTRACODES.     18.  LeperdUva  sp.     19.  Primitia  sp. 

CiRRiPEDES.     20.   Turrilepas  sp. 

(Cephalopods.     No  representative  of  these  fossils  has  been  observed.) 

Gastropods.  21.  Platyceras  tortuosum.  Hall.  22.  P.  nodosum,  Conrad. 
23.  Strophostylus  expansus,  Conrad.     24.  Diaphorostoma  ventricosum,  Conrad. 

*The  writer  has  introduced  this  name  in  a  paper  now  in  press,  for  oertain 
American  species  which  have  been  referred  to  the  genua  Pfiaethonides,  Angelin. 
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(D)  25.  Biaphorostama  sp.  n.  In  external  ornament  similar  to  D.  lineatum  of 
the  Hamilton  shales. 

26.  Cyrtolites  ezpansus ?  (D)  27.  Pleurotomaria  sp.  n.   28.  Bdlerophan  sp.  n.? 

Ptsropods.    29.  Conularia  sp.  ?    30.   Cokolus  sp.  ? 

^H)  31.  Tentaculitea  d  el<mgatu8y  Hall.  A  very  large  species  diiZering,  if  at  all, 
from  the  Lower  Helderberg  form,  in  its  coarser  annnlations. 

32.  TentaciUites  sp.  n.  A  very  slender  form,  covered  with  minute,  equal  and 
closely  crowded  annulations. 

PBLBCTPOD&  (H)  33.  Aciifiopteria  cf.  textilis^  Hall.  This  shell  is  nearer  to  the 
typical  lower  Helderberg  species  than  to  the  var.  arenaria  occurring  in  the  Hip- 
parionyx-fauua. 

(H)  34  Aviculopecten  of  the  type  A.  Schoharie,  Hall,  of  the  Shaly  limestone, 
but  covered  with  radial  ribs  in  addition  to  the  very  fine  concentric  lines. 

35.  Megambonia  bellistriata,  Hall  36.  M.  lamellosa.  Hall  (?)  37.  Goniophora 
sp.  n.  (H)  38.  Oypricardinia  ct  lamellosa^  Hall,  of  the  Shaly  limestone.  39. 
Conocatdium  sp. 

Braohiopods.    40.  LingtUa^^.    41.   Orhicuioidea  fii^, 

42.  Crania  sp.  n.  A  large  shell  with  fine,  rapidly  bifurcating  surface  stria3. 
This  is  of  the  type  of  (X  agaricina  of  the  Shaly  limestone,  but  larger  and  more 
finely  striate.     Not  uncommon.    43.   Crania  sp.  n.     A  smooth  species. 

44.  Pholidops  terminalis,  Hall.  This,  and  F.  arenaria  both  of  the  Oriskany,  are 
probably  but  the  exterior  and  the  internal  cast  of  the  same  species. 

45.  Pholidops  sp.  n.     A  small  species  of  the  type  of  P.  aquamiformia. 
(H)  46.  Orthia  perdegans,  Hall,  of  the  Shaly  limestone. 

(H)  47.  0.  cf.  obJata.  Hall  of  the  Shaly  limestone.  A  small  form  of  this  tjrpe. 
48.   0.  sp?    A  small,  subcircular  species. 

(H)  49.  Orthotheiea  cf.  Wooltoorthana,  Hall,  of  the  Shaly  limestone. 

50.  0.  sp.  n.  A  small,  very  abundant  shell,  in  size  and  expression  suggestive  of 
O.  lens,  of  the  Choteau  limestone,  but  more  variable  in  form  and  contour. 

51.  Hippariouyz  proximus,  Vanuxem.  A  single  specimen  of  a  very  large  and 
typical  brachial  valve. 

52.  LeptfBna  rhomboidalia,  Wilckens.  The  Lower  and  Upper  Helderberg  form, 
rather  than  the  Oriskany  var.  ventricoaa. 

53.  Stropheodonta  Lincklceni,  Hall.  (H)  54.  S.  cl  radiata,  Vanuxem.  In 
some  of  these  shells  the  radial  stri®  are  sharp  and  strongly  fasciculate,  producing 
an  expression  similar  to  that  of  ^S^  demiaaa  of  the  Middle  Devonian. 

55.  jSI  sp.  n.  A.  A  large,  strongly  arcuate  form  with  fine  fasciculate  striffi,  as  in 
Rajvneaquina  altemata, 

(D)  56.  S.  sp.  n.  B.  A  small  convex  form  of  the  type  of  5.  alveata  of  the 
Schoharie  grit. 

57.  Leptostrophia  mag^ifica.  Hall.     A  small  variety. 

(H)  58  L.  cf.  Becki,  Hall.  A  perplane  species  with  low,  irregular,  concentric 
rugse  extending  to  the  anterior  margin.  The  prevailing  size  of  the  shell  is  much 
smaller  than  in  the  Lower  Helderberg  form.     Very  abundant. 

(D)  59.  L,  perplana.  Conrad.  Persistently  more  convex  than  the  middle 
Beronian  form;  the  difference  however  is  no  more  than  varietal.  Everywhere 
abundant. 

(H  D)  60.  StrophoneUa  cf.  Readieyana,  Hall,  of  the  Shaly  limestone. 

61 .  ViMina  f  If  this  identification,  founded  on  a  single  internal  cast,  be  correct, 
this  genus  appears  for  the  first  time  on  this  continent  in  its  normal  association 
with  a  lower  Devonian  fauna,  as  in  South  America  and  Africa. 

(D)  62.   Chonetea  sp.  n.     A  small  shell  of  the  type  of  G.  coronata,  Conrad. 

63.  Chonoatrophia  sp.  n.  Differs  from  6*.  complanta  of  the  Oriskany  in  smaller 
size,  greater  reversed  convexity  and  distinct  fasciculation  of  striae.  64.  Anoplia 
nucleata.  Hall. 

65.  Spirifer  arrectus,  Hall.  This  abundant  species  varies  considerably  in  size 
and  plication  and  frequently  suggests  the  Lower  Helderberg  S.  cyclopterus.  66. 
S.  arenoflus,  Conrad.  67.  S.  p3rxidatus,  Hall.  (H)  68.  S.  rnodeatua,  Hall,  of  the 
Shaly  limestone.  69.  S.  cf.  Jimbriatus,  Conrad.  A  sparsely  ribbed,  coarsely  fimbria- 
ted shell.  Specific  relations  can  not  be  more  closely  determined  with  the 
material  at  hand. 
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70.  Gyrtma  rostrata,  Hall.    71.   C.  ct  Dalmani^  Hall,  of  the  Shaly  lim«e(oiie. 

72.  Merietella  sp.  n.  This  shell  has  many  points  of  similarity  with  M.  cbJaia 
of  the  Oriskany.  It  is,  however,  a  smaller,  much  more  strongly  trihedral  shell, 
with  the  aspect  of  a  gigantic  M.  lenta.  73.  MeristeUa  of.  laivU  of  the  Lower 
Helderberg.     74.  MeristeUa  sp.  n  ?     A  large  oon-sinuate  species. 

(H)  76.  Trematospira  muUiatriaia^  Hall,  of  the  Shaly  limestone. 

(D)  76.  CoBlospira  sp.  n.  In  size  this  shell  resembles  C.  Camilla^  of  the  Ck>niif- 
erous  limestone,  whMe  it  bears  the  external  ornament  of  C.  concava  of  the  Shaly 
limestone,  though  the  plications  are  rather  more  numerous. 

(H)  77.  CceiUiSpira  sp.  of  the  small  size  of  C.  concava  but  more  regularly  plicate. 

78.  Lepcocoelia  flabellites,  HalL  (D)  79.  L.  acutipltcata,  Hall,  of  the  CorDifer- 
ouB  limestone. 

(H)  80.  Anastrophia  sp.  n.     A  very  finely  plicate  species. 

81.  Rensselflsria  ovoides,  Baton.   82.  B.  Suessiana,  Hall  ?   83.  R.  ovalts,  Hall  ? 

84.  Rhynchonella  oblata,  Hall.  85.  B.  Barrandii,  Hall.  86.  R.  cf.  specioaa. 
Hall.    87.  R.  sp.  ? 

(H)  88.  Ealonia  msdicUis^  Hall,  of  the  Shaly  limestone.  89.  E.  pecullarie, 
Conrad. 

(D)  90.  Centtvnella,  sp.  n.  of  the  type'  of  G.  glans-fagea,  but  of  great  size. 

(H)  91.  Oryptonella  sp.  n.  Similar  to  an  undescribed  species  in  the  Shaly 
limestone. 

Bbyozoans.    (D)  92.  FeneskUa  celsipora,  Hall,  of  the  Corniferous  limestone. 

93.  F.spl 

(D)  94.  Hemitrypa  cf.  columeUata,  Hall,  of  the  Corniferous  limestone. 

95.  Pciypora  sp  ?  96.  Beplaria  sp.  97.  Hederella  sp.  98.  Ghnopwa  sp. 
99.  Fistulipora  sp. 

Corals.  (H)  100.  ^p^r^n^  cf. /2ee7»«rt  of  the  Shaly  limestone.  1 01.  Z  sp.  ? 
102.  Bomingeria  sp.  103.  Monticulipora,  a  branching  species.  104.  Trachy- 
pora,  sp. 

Cricoids.     105.  Edriocrinus  sacculus,  Hall. 

Sponges.    106.  Hindia  sp. 

This  remarkable  association  of  species  furnishes  the  missing 
link  in  the  evolution  of  the  Lower  Helderberg  into  the  tjpical 
Lower  Devonian  fauna.  While  the  presence  of  so  many  posi- 
tive Oriskany  types  determines  the  fauna!  quantivalence,  the 
perdurance  of  species  and  modifications  of  specific  expressionfi 
characteristic  of  the  Shaly  limestone  fauna,  and  the  inception 
of  upper  Lower  Devonian  specific  forms,  render  this  combi- 
nation altogether  unusual  and  of  prime  significance  in  the  cor- 
relation of  our  earlier  Devonian.  The  southwestern  extension 
of  the  Oriskany  {Hipparionyx)  fauna,  as  in  Maryland,  is  com- 
plicated with  the  Lower  Helderberg,  but  to  a  less  degree  than 
here;  while  in  the  representative  of  the  same  fauna  in  the 
Province  of  Ontario  there  is  a  great  predominance  of  Upper 
Helderberff  species.  With  the  46  species  which  have  been 
identified  m  the  Hipparionyx  fauna  of  New  York  (see  list 
published  by  Mr.  Charles  Schuchert,  in  Eighth  Annual  Report 
of  the  New  York  State  Geologist,  p.  50,  1889\  the  106  or 
more  species  of  the  Becmft's  Mt.  fauna  are  in  striKing  contrast, 
and  no  element  so  strongly  enforces  this  contrast  or  is  so 
unique  in  itself  as  the  crustacean.  The  association  is  indu- 
bitably of  ^arly  Oriskany  age  and  is  eminently  the  TrUobiie  or 
Dalmanites  facies  of  the  Oriskany  fauna.  J.  M.  o. 
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Art.  LIII. — Description  of  the  Mt  Joy  Meteorite  ;  by 
Edwin  E.  Howell. 

The  accompanying  cut  gives  a  good  idea  of  the  form  of  the 
third  largest  meteorite  found  in  the  United  States,  and  the 
largest  east  of  the  Mississippi  River. 


It  was  found  in  November,  1887,  on  or  about  the  16th  of 
the  month,  by  Jacob  Snyder,  about  a  foot  below  the  surface 
while  digging  to  plant  an  apple  tree  near  his  house,  five  miles 
to  the  southeast  of  Gettysburg,  in  the  township  of  Mt.  Joy, 
Adams  Co.,  Penn.  It  was  supposed  by  the  linder  and  his 
friends  to  indicate  the  near  presence  of  an  iron  mine,  and 
considerable  prospecting  was  done  to  locate  it.  The  meteorite 
was  placed  on  some  tinibers  in  the  open  air  where  it  remained 
until  the  summer  of  1891,  before  it  was  seen  by  any  one  who 
surmised  its  true  character. 

Professor  F.  W.  Clarke  induced  Mr.  Snyder  to  send  it  to 
the  National  Museum  for  inspection,  but  was  finally  unable  to 
secure  it,  as  Mr.  Snyder  was  unwilling  to  part  with  it  for  a 
price,  which  the  museum  felt  justified  in  paying.  I,  therefore, 
purchased  it  from  Mr.  Snyder  on  the  15th  of  August,  1891. 
The  three  largest  dimensions  of  the  meteorite  are  11,  24,  and 
83^  inches  and  it  weighed  on  the  museum  scales  84-7  lbs. 
Professor  Clarke  had  a  few  ounces  taken  off  for  examination  ; 
with  this  exception  and  the  scaling  of  decomposed  crust,  from 
the  outside,  the  mass  still  remains  as  it  was  found. 

Professor  Clarke  has  kindly  furnished  me  with  the  follow- 
ing analysis,  made  by  Mr.  L.  G.  Eakins  in  the  laboratory  of 
the  United  States  Geological  Survey. 

Professor  Clarke  did  not  succeed  in  developing  the  Wid- 

manstattian  figures  satisfactorily,  and   the   small,  amount   of 

nickel  shown  by  the  analysis  would  indicate  a  poor  etching 

Am.  Jour.  Sol— Third  Series,  Vol.  XLIV,  No.  263.— November,  1892. 
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iron;    when  larger  surfaces  are  available,  we  shall  doubtless 
obtain  better  results. 

Fe 93.80 

Ni 4-81 

Co 0-51 

Cu 0-006 

P 0-19 

S 0-01 


99-325 


No  idea  can  be  formed  of  the  length  of  time  the  meteorite 
had  lain  in  the  ground  and  very  little  of  the  amount  of  sur- 
face decomposition,  it  has  undergone  ; — ^sufficient,  however,  to 
remove  all  the  finer  pittings,  leaving  a  comparatively  smooth 
surface. 

Having  been  much  interested  in  Mr.  Davison's  examination 
of  the  magnetic  properties  of  the  Welland  meteorite,  and 
thinking  that  this  line  of  investigation  in  other  meteorites, 
might  lead  to  interesting  results,  I  requested  Mr.  Marcus 
BaKer  of  the  U.  S.  Geological  Survey,  to  make  an  examination 
of  the  meteorite,  which  he  kindly  consented  to  do. 

The  result  of  this  examination  is  to  show  that  the  meteorite, 
as  a  whole,  acts  as  a  mass  of  soft  iron,  gaining  polarity  under 
the  inductive  action  of  the  earth.  The  lower  portion  on  the 
north  side  became  a  north-seeking  pole,  while  the  upper  part 
became  a  south-seeking  pole ;  a  pretty  distinct  neutral  line  was 
shown,  inclined  to  the  horizon  at  an  angle  (20°-25°)  which  is 
approximately  the  complement  of  the  local  inclination  of  the 
dipping  needle.  This  induced  polarity  shifted  with  each 
change  in  the  position  of  the  whole  mass,  and  in  general  this 
shifting  of  the  poles  took  place  promptly  though  not  always 
at  once.  Mr.  Baker  also  states  that  his  observations  suggested 
the  probable  existence  of  an  unequal  distribution  of  perma- 
nent magnetism,  but  this  matter  requires  further  investigation. 


Abt.  LIV. — On  the  Influence  of  the  Concentration  of  the 
Ions  on  the  Intensity  of  Color  of  Solutions  of  Salts  in 
Water ;  by  C.  E.  Linebarger. 

The  color  of  a  solution  of  a  salt  in  water  depends  upon  the 
color  of  the  ions  into  which  it  is  decomposea  by  the  act  of 
solution  as  well  as  the  color  of  the  salt  itself.  If  the  salt  is 
colorless  and  contains  but  one  colored  ion,  any  circumstance 
tending  to  increase  the  number  of  dissociated  ions,  tends  to 
intensSy  the  color  of  the  solution.     If  the  salt  is  colored  and 
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contains  one  or  more  colored  ions,  the  colors  of  the  salt  and 
the  ions  will  mix,  and  the  solution  will  have  an  intermediate 
color.  Any  circumstance  causing  a  change  in  the  state  of  dis- 
sociation of  the  dissolved  salt  will  change  the  character  as 
well  as  the  intensity  of  the  solution. 

Of  course,  the  more  concentrated  the  solution  of  a  salt,  the 
more  intense  its  color ;  but  there  is  another  way  by  which  the 
color  may  be  rendered  more  intense,  while  the  concentration 
of  the  salt,  i,  e.  the  amount  of  salt  to  fixed  amount  of  water, 
does  not  change  at  all.  .  This  consists  in  heating  the  solution. 
Abundant  experimental  proof  of  this  statement  is  found  in  an 
investigation  by  Gladstone,*  *'  On  the  Effect  of  Heat  on  the 
Colour  of  Salts  in  Solution,"  which  was  published  in  1857. 
Let  us  see  why  this  change  of  intensity  of  color  should  take 
place  in  heating  a  solution. 

It  has  been  found  that  the  electrical  conductivity  of  solutions 
of  salts  increases  as  the  temperature  rises,  about  2  per  cent 
for  each  degree  of  temperature.  In  the  light  of  Arrhenius's 
electrochemical  theory  this  means  that  salts  in  solution  become 
more  and  more  decomposed  into  their  ions  as  the  temperature 
rises ;  the  higher  the  temperature,  the  more  concentrated  the 
solution  with  ions.  Accordingly,  as  the  intensity  of  the  color 
of  a  solution  depends  in  a  great  measure  upon  the  number  of 
ions  contained  in  it,  if  a  colored  solution  be  heated,  its  color 
deepens. 

Gladstone's  paper  commences  with  these  pregnant  sen- 
tences : — "  As  a  general  rule,  the  solution  of  a  salt  has  the 
same  power  of  absorbing  or  transmitting  the  rays  of  light  at 
all  temperatures.  I  am  not  acquainted  with  any  instance  of  a 
dissolved  colorless  salt  which  assumes  a  color  when  the  solu- 
tion is  either  heated  or  cooled ;  nor  does  the  converse  seem 
ever  to  occur, — a  salt  colored  at  the  ordinary  ^temperature, 
which  loses  that  color  when  heat  is  applied.  Nevertheless  it 
is  not  rare  to  find  colored  salts  which,  when  dissolved  in  water, 
vary  in  shade  or  in  tint  according  to  the  temperature. 

In  some  cases,  heating  the  solution  seems  merely  to  intensify 
the  color.  This  is  the  case  with  the  following  red,  orange, 
yellow,  and  green  salts  : — 

Meconate  of  iron — red. 
Terbromide  of  gold — red. 
Red  nitrate  of  cerium. 
Bichromate  of  potash — orange. 
Ferrocyanide  of  potassium — yellow. 
Molybdous  chloride — green." 

A  number  of  instances  are  now  given  of  changes  in  the 
character  as  well  as  in  the  intensity  of  the  color,  when  the 

*  Phil.  Mag.,  xiv,  423. 
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solntion  is  heated,  the  change  of  the  character  of  the  color 
being  due,  as  mentioned  above,  to  the  fact  that  the  undisso- 
ciated  molecale  as  well  as  its  dissociated  ions  are  colored. 
In  reference  to  these  observations  he  says : — '^  A  glance  at  the 
above  observations  will  suffice  to  show  that  where  the  color  is 
not  materially  altered  in  character,  it  invariably  becomes  more 
intense  when  heated,  that  is  to  say  fewer  rays  are  transmitted ; 
*  *  *  The  elevation  of  temperatnre  seems  to  heighten  the 
absorbent  power  of  the  dissolved  salt,  so  that  the  light  absorbed 
by  a  certain  quantity  of  the  heated  solution  is  the  same  as 
would  have  been  absorbed  by  a  larger  quantity  of  the  same 
solution,  if  cold." 

We  now  know  that  this  absorbing  power  is  exercised  by  the 
ions  as  well  as  by  the  salt  in  solution,  and  that  just  as  the  color 
is  the  more  intense  the  more  concentrated  the  solution,  so  is  it 
also,  the  more  numerous  the  dissociated  ions.  And,  to  repeat, 
as  heat  increases  the  number  of  dissociated  ions  of  a  salt  in 
solution,  so  does  it  deepen  the  shade  of  color  of  the  solution. 

Note. — Just  before  receiving  the  proof  of  the  above  paper,  th^re  came  to  my 
notice  the  articles  '*  On  the  Dissociation  of  Electrolytes  in  Solution  as  shown  by 
Colorimetric  Determinations"  (Chem.  News,  vol.  Ixvi,  pp.  104,  114,  141,  152) 
by  H.  M.  Vernon.  B.  A.,  the  experimental  data  of  which  afford  additional  proof  of 
the  correctness  of  the  views  expressed  above. 

Chicago,  111. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Relative  Densities  of  JBi/drogen  and  Oocyyen. — 
Rayleigh  has  continued  his  researches  on  the  relative  densities 
of  hydrogen  and  oxygen.  In  his  first  paper  (1888)  he  gave 
15*884  as  the  ratio  obtained.  Subsequently  he  effected  a  direct 
synthesis  of  water  and  obtained  the  ratio  15*89.  He  says:  "I 
had  intended  further  to  elaborate  and  extend  my  observations 
on  the  synthesis  of  water  from  weighed  quantities  of  oxygen  and 
hydrogen,  but  the  publication  of  E.  W.  M  or  ley's  masterly  re- 
searches upon  the  '  Volumetric  Composition  of  Water' (^m«r. 
Jour,  Sci.,  March,  1891)  led  me  to  the  conclusion  that  the  best 
contribution  that  I  could  now  make  to  the  subject  would  be  by 
the  further  determination  of  the  relative  densities  of  the  two 
gases.  The  combination  of  this  with  the  number  2*0002  obtained 
by  Morley  as  the  mean  of  astonishingly  concordant  individual 
experin^ents,  would  give  a  better  result  for  the  atomic  weights 
than  any  I  could  hope  to  obtain  directly."  In  the  present  ex- 
periments, the  gases  were  obtained  electrolytically,  the  generator 
being  a  long  U-tube  containing  a  solution  of  potassium  hydrox- 
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ide,  furniBhed  with  platinum  electrodes  and  supplied  with  about 
three  amperes  of  current  by  means  of  a  Grove  battery.  Only 
one  of  the  gases  is  collected,  the  other  being  allowed  to  escape 
through  a  mercury  seal.  If  the  hydrogen  is  to  be  collected,  this 
gas  is  led,  first,  through  a  tube  of  hard  glass  containing  metallic 
copper  and  heated  to  redness,  thence  through  a  flask  containing  a 
strong  potassium  hydroxide  solution,  then  through  a  second  hot 
tube  containing  copper,  through  a  regulating  tap  and  a  tube  con- 
taining solid  hydroxide,  through  a  long  tube  containing  phos- 
phoric oxide,  and  finally  through  glass-wool.  The  globe  in  which 
the  gas  is  weighed  is  connected  to  one  terminal  of  a  four- way 
tube,  the  other  terminals  leading  to  the  pump,  to  the  generator 
and  to  a  blow-off  tube  of  the  barometric  length,  respectively. 
In  making  an  experiment,  gas  from  the  generator  was  allowed  to 
flow  through  the  purifying  train,  under  the  action  of  the  pump, 
for  half  an  hour.  Then  the  pump  was  put  into  communication 
with  the  globe  and  with  its  set  of  tubes  and  a  high  vacuum  pro- 
duced in  them.  On  making  connection  with  the  generator  the 
globe  slowly  filled  with  gas,  the  operation  taking  from  two  to 
three  hours.  The  gas  was  allowed  to  escape  from  the  blow-off 
tube  for  some  minutes,  under  a  pressure  of  half  an  inch  of  mer- 
cury. The  cistern  was  then  lowered,  leaving  the  end  of  the  tube 
free,  and  the  flow  of  gas  was  continued  for  two  minutes.  Four 
minutes  were  allowed  after  the  tap  to  the  generator  was  closed, 
for  equilibrium  of  pressure  to  be  attained.  Then  the  tap  to  the 
globe  was  turned  off,  the  barometers  and  thermometers  read,  and 
the  globe  weighed.  The  finally  corrected  values  obtained  were 
for  hydrogen  0'168531  gram,  and  for  oxygen  2-517Y7;  so  that 
the  density-ratio  is  15-882.  Combining  this  with  Morley's  ratio 
of  volumes  2*0002 : 1,  the  value  16*880  is  obtained  as  the  ratio  of 
the  atomic  masses.  The  following  summary  of  the  results  of 
different  experimenters  is  given  in  the  paper: 

Name.  Date.          Atomic  masses.  Densities. 

Dumas, 1842  16*96 

Regnault,    1846                 15*96 

Rayleigh, 1888                 16*884 

Cooke  and  Richards,  1888  16*869  

Keiser, 1888  15*949  

Rayleigh,    1889  16-89  

Noyes, 1890  16*896  

Dittmar, 1890  16*866  

Morley, 1891  15*879  

Leduc, 1891  16*906 

Rayleigh, 1892                 16-882 

— JVoc.  Roy,  Soc,  Feb.  18,  1892  ;  Nature^  xlvi,  101,  June,  1892. 

G.  p.  B. 
2.    On  the  Properties  of  liquid  Oxygen  and  liquid  Air, — In  a 
recent  lecture  at  the  Royal  Institution,  Dewar  illustrated  the 
properties  of   liquid  oxygen  by  some  remarkable  experiments. 


Digitized  by  VjOOQIC 


420  Scientific  Intelligence. 

Upon  the  lecture-table  stood  a  liter  flask  full  of  liquid  ozy^eiu 
On  filling  a  test-tube  with  it,  it  appeared  milky,  but  became  clear 
on  passing  it  through  filter  paper.  The  image  of  the  liquid 
thrown  on  a  screen,  appeared  of  a  pale  blue  color.  The  liquid  in 
the  tube  boiled  violently  at  the  temperature  of  the  air,  with  a 
hissing  noise,  giving  off  a  white  smoke  due  to  the  frozen  mois- 
ture of  the  surrounding  air.  Its  boiling  point,  determined 
thermo-electrically,  is  —180°.  Liquid  oxygen  is  a  non-conductor 
of  electricity.  Moreover,  a  spark  0*1"°*  will  not  pass  through  it 
from  a  coil  giving  a  long  spark  in  air ;  so  that  it  is  also  a  good 
insulator.  Interposed  in  the  path  of  a  beam  of  light,  its  absorp- 
tion spectrum  showed  clearly  the  lines  A  and  B  of  the  solar  spec- 
trum, which  lines  as  is  well  known,  are  due  to  absorption  by  the 
oxygen  in  our  atmosphere.  On  accelerating  the  evaporation  of 
some  liquid  oxygen  by  reducing  the  pressure  upon  it,  Dewar 
liquefied  air  in  an  open  test-tube  under  atmospheric  pressure. 
The  liquid  air  was  clearer  and  fumed  less  than  liquid  oxygen. 
It  also  boiled  more  quietly.  Common  air  liquefies  at  a  much 
lower  temperature  than  oxygen,  both  gases  being  liquefied  to- 
gether. In  evaporating  however,  the  nitrogen  boils  off  before 
the  oxygen.  Placing  two  or  three  ounces  of  liquid  air  in  a  test- 
tube,  a  smoldering  splinter  of  wood,  placed  in  the  upper  portion, 
was  not  at  first  ignited.  But  after  the  nitrogen  had  for  the  most 
part  boiled  off,  which  took  nearly  five  minutes,  the  wood  when 
immersed  burst  into  flame.  He  then  poured  out  a  wineglassf  ul  of 
liquid  air  and  presented  it  to  Lord  Kelvin,  who  was  in  the  chair. 
The  magnetic  properties  of  liquid  oxygen  were  shown  by  placing 
some  of  it  in  a  cup  made  of  rock  salt  (in  which  it  assumes  the 
spheroidal  state)  and  putting  the  cup  beneath  the  poles  of  a  power- 
ful electromagnet.  On  completing  the  circuit,  the  liquid  oxygen 
rose  from  the  cup  and  attached  itself  to  the  poles,  thus  connect- 
ing them  together.  There  it  boiled  gradually  away,  sometimes 
more  on  one  pole  than  on  the  other,  falling  back  into  the  cup 
when  the  circuit  was  opened.  With  a  single  pole  the  oxygen  was 
drawn  up  out  of  a  tube.  Compared  with  iron,  liquid  oxygen  is 
about  one  thousandth  as  magnetic.  Liquid  air  also  goes  to  the 
poles  of  a  magnet,  there  being  no  separation  of  the  oxygen  and 
nitrogen.  It  has  the  same  high  insulating  power  as  liquid  oxygen. 
Although  phosphorus  is  not  attacked  on  being  dropped  mto 
liquid  oxygen,  yet  a  photographic  plate  immersed  in  liquid  oxy- 
gen at  —200°  was  found  to  be  sensitive  to  light.  Dewar  gives 
the  following  boiling  points  under  atmospheric  pressure :  carbon 
dioxide  —80°,  nitrogen  monoxide  —90°,  ethylene  — 103*,  oxygen 
—  184°,  nitrogen  — f98'l°,  air  -192-2°,  carbon  monoxide  —193°, 
nitrogen  dioxide  —153°,  marsh  gas  —164°.  Under  only  5  to 
IQmm  pi-essure  the  boiling  points  are  for  CO,  —116°,  N,0  —125°, 
CJI,  -142°,  O  -211°,  N  -225°  (solid),  air  -207°  (solid),  CO 
-211°,  N,03  —176°,  CH,  -201°  I^oYkX).— Engineer,  Ixxiii,  516, 
June,  1892.  G.  F.  b. 
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3.  On  the  Industrial  production  of  Liquid  Carbon  dioxide.— 
In  a  report  lately  made  to  the  Society  d'EDCOuragement,  Tboost 
has  called  attention  to  the  extent  to  which  liquid  carbon  dioxide 
18  prepared  for  commercial  purposes,  the  chief  use  in  Germany 
being  in  the  preparation  of  beer  and  in  France  for  the  prepara- 
tion of  salicylic  acid  by  the  reaction  of  liquid  CO,  on  sodium- 
phenol.  At  the  works  of  the  Compagnie  G^nerale  des  Produits 
Antiseptiques,  the  carbon  dioxide  is  produced  by  the  combustion 
of  coke  and  is  collected  in  a  gasometer;  from  this  it  is  drawn, 
dried  and  compressed  into  iron  bottles  under  pressures  of  5,  26 
and  71  atmospheres.  Most  of  it  is  used  in  the  manufacture  of 
salicylic  acid,  though  it  has  other  uses.  At  present  the  daily 
output  is  300  kilograms,  but  the  capacity  of  the  works  is  to  be 
increased  to  1000  kilograms.  It  is  sold  at  sixty  centimes  per 
kilogram.  It  is  used  in  making  aerated  waters,  in  the  filtering 
of  wine,  for  cooling  purposes  in  consequence  of  the  absorption  of 
heat  on  vaporizing  and  for  producing  a  high  pressure  in  the 
solidification  of  metals.— ^t///.  Soc.  Enc.^  July,  1892;  Nature, 
xlvi,  399,  Aug.,  1892.  G.  F.  B. 

4.  On  the  Oxidation  of  Nitrogen  by  the  Spark. — The  produc- 
tion of  small  quantities  of  nitrous  and  nitric  acids  during  the 
passage  of  electric  discharges  through  moist  air,  is  well  known. 
Lbp£i.  has  undertaken  an  investigation  to  determine  the  precise 
nature  of  the  chemical  changes  taking  place,  with  a  view  of  in- 
creasing the  yield.  The  first  product,  when  the  spark  passes 
through  air,  apparently,  is  nitrogen  dioxide;  which  becomes  tetr- 
oxide  by  the  oxygen  of  the  air.  This  reacts  with  the  aqueous 
vapor,  forming  nitric  acid  and  setting  free  nitrogen  dioxide  again, 
thus:  (N0J.-f-{H,0),  =  {nN0,),4-N,0,.  On  further  passing  the 
sparks,  however,  decomposition  of  the  nitrogen  oxides  into  their 
constituents  takes  place  ;  so  that  in  a  closed  space  a  limit  is  soon 
reached  beyond  which  there  is  no  further  increase  in  the  produc- 
tion of  nitric  acid.  Hence  the  author  has  used  a  slowly  moving 
atmosphere,  varying  the  pressure  and  the  spark  through  a  wide 
range;  and  he  has  already  increased  the  amount  of  combination 
up  to  ten  per  cent  of  the  air  employed.  The  best  effect  is  ob- 
tained when  the  air  is  exposed  under  increased  pressure  to  a 
series  of  parallel  spark-discharges  in  the  same  tube.  The  air  in 
the  tube  is  changed  intermittently,  the  gases  passing  into  a  large 
absorption  vessel  containing  water  or  alkali-solution.  In  his  later 
experiments  Lepel  has  used  a  Topler  machine  having  66  revolv- 
ing plates;  and  he  thinks  that  with  the  high  voltage  discharges 
lately  produced  by  Tesla  and  others,  the  problem  of  producing 
nitric  acid  from  the  atmosphere  may  be  a  commercial  success. — 
Ann,  Chem.  Pht/s.,  II,  xlvi,  319,  June,  1892.  g.  f.  b. 

5.  On  the  Tnoryanic  sy^ithesis  of  Azoimide, — Hitherto,  azoi- 
mide  N3H  has  been  obtained  only  from  organic  substances. 
WiSLiOENUs  has  now  effected  its  synthesis  from  purely  inorganic 
materials.  His  method  depends  upon  the  interaction  between 
nitrogen    monoxide  gas    and  ammonia   in  presence  of   sodium. 
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These  two  gases  do  not  react  upon  each  other  even  when  a  mix- 
ture of  them  is  passed  over  heated  soda-lime.  But  in  presence  of 
sodium,  action  readily  takes  place,  owing  to  the  production  first 
of  sodium  amide,  which  then  reacts  with  the  monoxide  to  yield 
the  sodium  salt  of  azoimide,  thus:  NaNH,-f  N,0=NaN,4-H,0. 
The  sodium  salt  being  less  explosive  than  most  of  the  other  salts 
of  azoimide,  the  experiment  may  be  safely  performed  if  proper 
care  is  exercised.  The  sodium  in  small  pieces  is  placed  in  several 
porcelain  boats  in  a  combustion  tube  and  the  air  is  displaced 
by  a  current  of  ammonia  gas.  On  heating  the  tube  the  sodium 
fuses  and  is  converted  into  sodamide.  Then  the  current  of  am- 
monia is  replaced  by  one  of  nitrogen  monoxide,  and  the  tempera- 
ture is  reduced  to  between  150*  and  250°,  by  surrounding  the 
tube  by  an  air  bath.  The  sodamide  increases  in  bulk  and  be- 
comes sodium  azoimide,  the  reaction  being  completed  when  am- 
monia no  longer  escapes.  This  salt  may  also  be  obtained  by 
passing  a  mixture  of  nitrogen  monoxide  and  ammonia  over 
metallic  sodium ;  but  the  yield  is  smaller  and  the  sodium  some- 
times inflames  in  the  monoxide.  On  throwing  the  product  into 
water,  and  distilling  the  Altered  solution  with  dilute  sulphuric 
acid,  the  distillate  possesses  the  intolerable  odor  of  azoimide  and 
gives  precipitates  with  silver,  lead,  and  mercurous  nitrates,  which 
correspond  in  properties  with  these  salts  of  azoimide.  The 
silver  salt  gave  71*7  per  cent  of  silver,  AgN,  requiring  71 '8  per 
cent.  Potassium  and  zinc  may  also  be  used  in  place  of  sodium. — 
Ber,  BerL  Vhem,  Ges.,  xxv,  ^084,  July,  1892;  Nature^  xlvi,  286, 
July,  1892.  G.  F.  B. 

6.  On  Metallic  Carbonyh. — On  the  3d  of  June,  a  Friday 
evening  discourse  on  metallic  carbonyls  was  given  at  the  Royal 
Institution  by  Ludwig  Mond.  After  referring  to  the  potassiam- 
carbonyl  of  Liebig  as  the  first  metallic  carbonyl,  he  entered  upon 
a  consideration  of  the  nickel-car  bony  1,  discovered  three  years  ago 
by  himself,  in  connection  with  Langer  and  Quincke.  The  nickel, 
prepared  in  a  fine  state  of  division  by  heating  the  oxalate  in  a 
current  of  hydrogen,  is  treated  with  carbon  monoxide  at  a  low 
temperature.  The  escaping  nickel-carbonyl,  cooled  in  a  freezing 
mixture,  is  condensed  to  a  colorless  liquid,  which  freezes  at  —25** 
in  needle-shaped  crystals.  The  vapor  has  a  characteristic  odor 
and  is  poisonous.  It  decomposes  at  about  200°  depositing  a  mir- 
ror oi  metallic  nickel.  Its  magnetic  properties,  according  to 
Quincke,  are  remarkable  since  it  is  diamagnetic  to  a  high  degree, 
all  other  nickel  compounds  being  paramagnetic.  It  is  also  an 
excellent  insulator.  Its  spectrum,  observed  by  Liveing  and 
Dewar,  shows  that  it  is  opaque  for  all  rays  beyond  wave-length 
3820.  On  diluting  its  vapor  with  hydrogen,  the  flame  on  burn- 
ing is  bright  yellowish  green  and  gives  a  spectrum  having  a  bright 
background  on  which  are  superposed  a  number  of  bands.  In  the 
ultra-violet  fifty  well-defined  lines  are  observed  corresponding 
exactly  to  lines  in  the  spark  spectrum  of  nickel.  The  magnetic 
rotation  of  nickel  carbonyl,  as  observed  by  Dr.  Perkin,  is  found  to 
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be  greater  than  that  of  any  other  known  substance  excepting 
phosphorus.  The  atomic  refraction  of  nickel  in  this  substance  is 
nearly  two  and  a  half  times  as  large  as  in  any  other  nickel  com- 
pound. In  accordance  with  the  view  that  the  valence  of  an  ele- 
ment is  higher  in  proportion  as  its  compounds  have  a  higher 
refractive  power,  the  valence  8  has  been  assigned  to  the  nickel 
in  nickel-carbonyl.  Ferro-carbonyl  is  prepared  in  a  similar  way. 
It  is  an  amber-colored  liquid,  solidifying  below  —21°  to  a  mass 
of  needle-shaped  crystals,  and  decomposing  at  180°.  Its  formula 
is  Fe(CO)^.  It  is  permanent  in  the  dark  but  on  exposure  to  sun- 
light is  decomposed,  yielding  a  fine  gold-colored  4olid.  Experi- 
ments on  a  somewhat  large  scale  to  test  the  practicability  of 
utilizing  nickel  carbon y I  in  the  extraction  of  nickel  from  its  ores, 
proved  entirely  successful. — Nature,  xlvi,  230,  July,  1892. 

G.   F.    B. 

Y.  Rapid  Electrical  Oscillations,  —  In  the  experiments  by 
Hertz  on  electrical  oscillations  and  also  in  the  experiments  of 
subsequent  investigators,  Ruhmkorf  coils  have  been  used  to  prop- 
agate the  electrical  oscillations.  It  is  well  known,  however, 
that  the  oscillation  in  the  sparks  from  a  Holtz  machine  or  a  Ley- 
den  jar  are  far  more  rapid  than  those  produced  by  the  aid  of  a 
Ruhmkorf  coil.  Toeplkr,  therefore,  has  endeavored  to  study 
electrical  oscillations  by  the  aid  of  a  Toepler-Holtz  machine. 
His  attempt  has  met  with  success  and  he  describes  his  experi- 
ments at  length  in  the  paper  we  cite.  His  conclusions  state  the 
ratio  between  the  primary  and  secondary  circuits  which  he 
employed  in  order  to  produce  the  phenomena  of  resonance.  He 
also  studied  the  electric  spark  between  a  conductor  and  a  surface 
of  water,  and  discovered  that  this  spark  did  not  oscillate  and  he 
therefore  concludes  that  it  is  probable  that  the  ordinary  light- 
ning discharge  does  not  oscillate.  A  loud  noise  and  strong 
development  of  light  in  an  electric  spark  is  not  in  general  a  crite- 
rion of  oscillatory  character  of  the  spark. — Ann,  der  Fhysik  iind 
Chemie,  No.  7, 1892,  pp.  464-484;  No.  8, 1892,  pp.  642-665.    j.  t. 

8.  Mectricity  of  Waterfalls. — Ph.  Lenard  refers  to  the  opin- 
ion formerly  held  upon  this  subject,  and  after  an  exhaustive 
examination  conducted  in  the  Alps  and  also  in  the  laboratory, 
concludes  that  drops  of  water  which  fall  upon  water  or  wet  bodies 
develop  electricity.  The  water  is  positively  electrified.  The  air 
moves  away  from  the  place  of  the  fall  of  the  drops  charged  neg- 
atively. The  charge  of  the  water  can  become  so  great  as  to 
produce  small  sparks.  The  air  potential  in  a  room  can  become 
strongly  negative.  Slisfht  impurities  in  the  water  have  very  great 
effect  upon  its  electrification.  A  simple  explanation  is  afforded 
by  the  hypothesis  that  contact  electricity  i's  developed  between 
fluid  and  gaseous  bodies. — A7in,  der  Physik  tind  Chemie,  No.  8, 
1892,  pp.  584-636.  J.  T. 

9.  Photography  of  Color. — At  a  meeting  of  the  Physical 
Society  in  Berlin,  June  17,  1892,  H.  W.  Vogel  read  a  paper 
on  the  various  attempts  which  have   been  made  to   reproduce 
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natural  colors  by  photography.  He  pointed  out  that  the  Lipp- 
mann  process  requires  great  care  in  the  preparation  of  the  bromide 
of  silver  emulsion  in  order  to  obtain  the  layer  of  finely  divided 
silver  which  is  essential  to  the  success  of  the  Lippmann  procesiw 
Moreover  there  is  no  possibility  of  the  multiplicatiou  of  copies  of 
the  photograph.  Each  copy  requires  an  exposure  and  a  separate 
development./  A  resume  is  then  given  of  the  endeavors  of  various 
workers  to  combine  three  negatives  taken  through  red,  yellow 
and  blue  glass.  Later  investigators  employed  (in  1869),  red, 
green  and  violet.  Suitable  plates  of  the  required  sensibility, 
however,  could  not  be  obtained.  In  1 873  Vogel  prepared  ortho- 
chromatic  plates  of  greater  sensibility  and  an  advance  was  made 
in  the  representation  of  the  values  of  colors.  Further  improve- 
ment has  been  made  in  orthochromatic  plates  and  in  the  method 
of  using  suitable  color  screens.  What  formerly  could  be  accom- 
plished by  chromo-lithography  after  a  month's  labor  by  the 
employment  of  twenty  stones  can  now  be  done  in  eight  days  with 
only  three  plates. — Ann,  der  Fhysik  und  Chemie^  No.  7,  1892, 
pp.  621-627.  J.  T. 

10.  Electrical  Resistance  of  Allotropic  Silver, — A.  Oyebbeck 
has  examined  the  resistance  of  the  new  forms  of  silver  discovered 
by  M.  Carey  Lea,  of  Philadelphia.  The  latter  has  shown  that 
allotropic  silver  can  be  converted  into  the  ordinary  silver  in  the 
following  ways  : 

1.  By  heating. 

2.  Mechanical  means  (pressure). 

3.  By  intense  light. 

4.  By  electrical  discharges. 

5.  By  treatment  with  different  acids  and  solutions  of  salt. 
Overbeck  finds  that  all  operations  w^hich  tend  to  approximate 

allotropic  silver  to  ordinary  silver  lessen  its  electrical  resistance. 
The  electrical  resistance  proves  to  be  a  very  sensitive  reagent,  far 
more  sensitive  than  any  chemical  process,  to  show  differences  of 
molecular  state.  — J[;2/i.  der  Physik  und  Chemie,  No.  6,  1892,  pp. 
265-280.  J.  T. 

11.  "O/i  the  Simidta7ieity  of  Magnetic  Variations  at  different 
places  on  occasions  of  Magnetic  Disturhance,  and  on  the  relation 
bettoeen  Magnetic  and  Earth  Current  Phenomena  ;^^  by  William 
Ellis.  (Abstract.) — In  this  paper  the  author  refers  to  the  ordi- 
nary variations  of  the  magnetic  elements  as  observed  at  Green- 
wich;  the  annual  progressive  change;  the  diurnal  variation — 
large  in  summer,  small  in  winter,  and  also  larger  when  sun  spots 
are  numerous  and  smaller  when  sun  spots  are  few;  the  irregular 
magnetic  disturbances  and  magnetic  storms,  and  the  accompany- 
ing earth  currents;  phenomena  which  are  generally  similar  at 
other  places. 

He  then  invites  attention  more  particularly  to  magnetic  disturb- 
ances. Those  at  Greenwich  may,  after  a  calm  period,  arise 
gradually,  or  commence  with  great  suddenness.  When  sudden, 
the  movement  is  simultaneous  in  all  elements.     The  first  indication 
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may  be  a  sharp,  premoDitory,  simaltaneous  movemeDt,  followed 
after  a  time  by  general  disturbance,  or  the  movement  may  at 
once  asher  in  the  disturbance.  These  initial  movements*  are  not 
always  great  in  magnitude,  sometimes,  indeed,  small,  but  they 
have  a  very  definite  character,  and  frequently  occur  nearly  instan- 
taneously, as  is  shown  by  the  character  of  the  photographic  traces. 

It  has  been  long  known  that  magnetic  disturbances  occur  at  the 
same  time  over  wide  areas  of  the  earth's  surface,  but  the  accidental 
comparison  in  past  years  of  the  times  of  commencement  of  one  or 
two  disturbances  at  Greenwich  with  the  times  at  other  places  has 
led  the  author  to  suppose  that  the  coincidence  in  time  is  much 
closer  than  had  been  before  supposed,  and  the  definite,  and  on 
occasions  isolated,  character  of  the  initial  movement  induced  him 
to  undertake  the  collection  and  comparison  of  the  times  of  such 
movements  for  a  number  of  days  at  observatories  geographically 
widely  separated. 

The  times  of  such  movements  cannot  be  caught  by  eye  observa- 
tion without  continuous  watching  of  the  magnets,  so  that  the 
photographic  registers  have  to  be  relied  upon,  which  is  better, 
excepting  that  the  scale  of  time  is  necessarily  contracted ;  but, 
though  in  individual  measures  there  might  be  variations,  it  was 
conceived  that  (supposing  no  systematic  error  to  exist)  the  mean 
of  a  number  of  comparisons  should  give  a  good  result.  Seventeen 
days  occurring  in  the  years  1882  to  1889  were  selected  for  com- 
parison, the  observatories  being  those  of  Toronto,  Greenwich, 
Pawlowsk,  Mauritius,  Bombay,  Batavia,  Zi-ka-wei,  and  Melbourne, 
and,  for  a  less  number  of  days,  Cape  Horn  (as  obtained  from  the 
Mission  Scientifique  du  Cap  Horn, 1 882-83.)  It  was  desired  to 
have  times  for  Pola,  but  it  was  found  that  photographic  registers 
during  great  part  of  the  period  did  not  exist.  The  variation  in 
time  at  each  place  from  the  mean  of  times  for  all  places  is  given 
for  each  day.  The  mean  deviation  at  the  different  places  varies 
from  4-2'4  minutes  to  —2-9  minutes,  the  agreement  between  four 
of  the  places,  Greenwich,  Pawlowsk,  Mauritius,  and  Bombay, 
being  very  much  closer,  the  mean  values  of  deviation  for  Green- 
wich, Pawlowsk,  and  Bombay  differing,  indeed,  by  only  0*1 
minute,  equivalent  to  6  seconds. 

The  question  arises.  Are  the  differences  real,  or  due  (consider- 
ing the  contracted  time  scale)  to  accidental  error  ?  If  the  mag- 
netic impulse  is  really  simultaneous  over  the  whole  earth,  it  is  a 
striking  physical  fact,  and  if  not  entirely  so,  the  circumstance  is 
no  less  interesting;  but  greater  attention  to  accuracy  of  time  scale, 
or  a  more  extended  scale,  may  be  necessary  before  the  point  in 
question  can  be  definitely  settled. 

A  table  is  added,  showing  the  character  of  the  magnetic  move- 
ment at  the  several  observatories,  from  which  it  appears  that  at 
any  one  place  the  movements  on  different  days  were  in  most  cases 
similar,  though  different  at  different  places,  indicating  on  these 
occasions  the  occurrence  usually  of  one  general  type  of  disturb- 
ance. 


Digitized  by  VjOOQIC 


426  Scientific  Intdligence. 

Reference  is  made  to  the  question  of  earth  carrents.  A  com- 
parison for  thirty-one  days,  between  1880  and  1891,  of  cases  of 
sudden  magnetic  movement  and  earth  current,  shows  the  earth 
current  to  precede  the  magnetic  movement  by  0'14  minute,  equiva- 
lent to  8  seconds.  The  question  of  the  relation  between  magnetic 
movements  and  earth  currents  is  discussed.  The  desirability  of 
being  able  temporarily  to  obtain,  when  occasion  requires,  a  more 
extended  time  scale  for  all  magnetical  and  meteorological  phe- 
nomena is  pointed  out. 

The  general  result  is  that  in  the  definite  magnetic  movements 
preceding  disturbance  the  magnets  at  any  one  place  are  simulta- 
neously affected  ;  also  that  in  places  widely  different  in  geographi- 
cal position  the  times  are  simultaneous,  or  nearly  so,  a  small  con- 
stant difference  existing  at  some  places  which  may  be  real  or  may 
be  accidental,  but  the  character  of  which  it  seems  desirable  to 
determine.  It  is  shown  also  that  at  Greenwich  definite  magnetic 
movements  are  accompanied  by  earth  current  movements  which 
are  simultaneous,  but  that  neither  magnetic  irregularities  nor 
ordinary  magnetic  variations  seem  to  admit  of  explanation  on  the 
supposition  of  being  produced  by  the  direct  action  of  earth  cur- 
rents.— Ptoc,  Roy.  Soc,  No.  313,  p.  445. 

3  2.  Physics^  advanced  course^  by  George  F.  Babkbb,  Pro- 
fessor of  Physics  in  the  University  of  Pennsylvania.  902  pp.  8vo. 
New  York,  1892  (Henry  Holt  and  Company.) — The  subject  of 
Physics  has  grown  to  so  large  proportions  of  recent  years  that  to 
present  it  adequately,  in  systematic  shape  and  with  such  thorough- 
ness as  the  higher  grade  of  students  demands,  is  a  work  of  ever 
increasing  dif&culty.  To  the  accomplishment  of  this  task  Pro- 
fessor Barker  has  brought  a  thorough  grasp  of  the  subject  as  a 
whole,  a  comprehensive  and  minute  acquaintance  with  the  writ- 
ings, both  practical  and  theoretical,  of  the  foremost  workers  and 
thinkers  in  the  science,  and  an  unusual  degree  of  skill  and 
experience  in  the  clear  presentation  of  facts  and  principles  for 
the  benefit  of  students.  The  results  of  his  labors,  the  careful  and 
patient  nature  of  which  are  obvious  from  beginning  to  end,  is  a 
work  modern  in  method  and  fresh  in  matter,  not  indeed  beyond 
criticism  at  some  points,  but  which  commends  itself  to  the  atten- 
tion of  every  teacher  who  has  to  do  with  this  department. 

Physics  in  general  is  treated  as  **  the  science  of  energy  "  and 
the  three  fundamental  divisions  adopted  for  the  subject  are  those 
of  (1)  mass-physics,  (2)  molecular  physics  and  (3)  physics  of  the 
ether.  In  the  first  division  the  subjects  discussed  are  kinematics, 
dynamics,  work  and  energy,  attraction  and  potential,  also  the 
properties  of  matter  and  finally  the  energy  of  mass- vibration  or 
sound.  The  second  part  includes  heat;  while  the  third  gives  the 
discussion  of  radiation  in  general:  of  electrostatics,  called  the 
energy  of  ether-stress ;  magnetism,  "  the  energy  of  ether  vortices  " ; 
electrokinetics,  "  the  energy  of  ether  flow".  The  last  chapter  treats 
of  the  electromagnetic  character  of  radiation. 


Digitized  by  VjOOQIC 


Oeology  and  Mineralogy.  427 

The  above  classification  will  serve  to  show  the  point  of  view 
adopted  by  the  author,  which  he  has  systematically  followed 
throughout  the  development  of  the  different  parts  of  the  subject. 
There  is  thus^a  unity  of  general  treatment  which  adds  much  to 
the  value  of  the  work.  The  book  is  also  consistent  in  minor 
points,  as  in  the  use  of  the  units  adopted,  in  employing  diagram- 
matic illustrations  instead  of  pictorial  representations  of  elaborate 
apparatus  and  in  other  respects.  It  is  compactly  printed,  so  that 
the  large  amount  of  matter  included  is  emoraced  in  900  pages ; 
the  reader  could  wish,  however,  that  a  little  less  compression  had 
been  used  by  the  printer  at  some  points,  for  the  printing  of  analyt- 
ical expressions  in  the  body  of  the  text  detracts  much  from  their 
clearness,  especially  as  first  presented  to  the  mind  of  the  student. 

The  ultimate  test  of  the  adaptability  of  a  text  book  to  the  pur- 
poses of  general  instruction  must  always  be  its  actual  use  in  the 
class-room,  and  it  is  to  be  hoped  that  this  new  Physics  may  here 
meet  with  the  success  which  the  author's  careful  labor  makes  it 
merit. 

II.    Geology  and  Mineralogy. 

1.  Geological  Survey  of  TexaSy  3d  Annual  Report  for  1891, 
E.  T.  DuMBLE  State  Geologist.  410  pp.  8vo,  with  maps  and 
plates. — This  volume,  after  the  general  Report  of  the  State  Geol- 
ogist, contains  papers  on  Houston  Co.,  and  on  a  section  from 
Terrell  to  Sabine  Pass,  by  W.  Kennedy  ;  on  the  Llano  Estacado 
with  a  geological  map  and  notes  on  the  geology  of  the  country 
west  of  the  Plain,  by  W.  F.  Cummings  ;  on  the  Triassic  in  north- 
western Texas,  by  N.  L.  Drake  ;  on  shells  of  a  northern  char- 
acter in  a  dry  salt  lake  near  Eddy,  New  Mexico,  by  V.  Sterki 
on  the  Cretaceous  of  Texas,  north  of  the  Colorado  River,  by  J, 
A.  Taff  ;  on  Trans-Pecos  Texas,  by  W.  H.  Von  Steeruw^itz. 
On  the  map  of  the  Llano  Estacado  the  general  surface  is  made 
Tertiary,  on  the  basis  of  the  fossil  Vertebrates  found  in  surface 
deposits.  In  the  southern  part  of  the  Plain  there  are  Cretaceous 
beds,  and  beneath  these  and  along  a  large  part  of  its  border, 
Triassic  beds,  as  described  by  Mr.  Drake.  The  Vertebrate 
fossils  of  the  Llano  Estacado,  here  described  by  Prof.  Cope  (and 
also  in  the  Proceedings  of  the  Amer.  Phil.  Soc.  1892,  p.  128), 
occur  in  Crosby  County,  in  a  white  diatomaceous  deposit,  the 
so-called  Blanco  beds.  They  are  species  of  Equus^  Mastodon, 
Creccoides  (a  new  genus  of  birds),  and  Testudo :  Equua  simpli- 
cidens  Copej  Mastodon  angustidens  (or  a  related  species),  Crec- 
coides Osborni  Cope,  and  Testudo  turgida  Cope.  The  Blanco 
beds  are  regarded  as  older  than  the  Equus  beds  and  newer  than 
the  Loup  Fork,  the  latter  containing  Mastodon  angustide7is  but 
no  species  of  Equus.  The  specimens  described  for  the  Survey  by 
Professor  Cope  were  collected  by  Mr.  Cummins. 

2.  Geological  Survey  of  Alabama,  by  E.  A.  Smith,  State 
Geologist.     Bulletin  No.  3,  On  the  lower  gold  belt  of  Alabama 
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by  William  B.  Phillips.  98  pp.  8vo,  with  a  map.  1892. — ^The  gold 
belt  described  occurs  in  the  counties  of  Chilton,  Coosa  and  Talla- 
poosa. 

3.  Annual  Report  of  the  Arkansas  Geological  Survei/  for 
1892,  vol.  i.  162  pp.  8vo. — ^This  volume  consists  of  a  report  on 
the  Iron  Ores  of  Arkansas  by  Dr.  R.  A.  F.  Penrose. 

4.  Oft  the  Osteology  of  Poebrotherium,  a  Contribution  to  the 
Philogeny  of  the  Tylopoda,   74  pp.  8vo,  with  3  plates :     On  the 
Osteology  of  Mesohippus  and  Leptomeryx,  with  Observations  on 
the  mode  and  factors  of  Evolution  in  the  Mammalia,  104  pp. 
8vo,  with  2   plates ;  by  W.  B.  Scon,   College  of  New  Jersey, 
Princeton.     From  the   Journal  of  Morphology,  v,  Nos.  1  and  \ 
Boston,   1891. — These  papers  are  the  first  and  second  parts  of  a 
Memoir  bearing   on   questions  in   mammalian   evolution.      The 
osteological  character  of  Poebrotheriura,  Mesohippus  and  Lepto- 
meryx  are  presented  in  detail  after  a  thorough  study  of  the  large 
collection  at  Princeton,  and  made  the  bnsis  of  comparisons  between 
them  and  the  near  and  more  distantly  related  species  in  and  near 
the  successional  lines  severally  of  the  Carnal,  Horse  and  Tragu- 
lus.    The  specimens  in  the  Museum  include  a  nearly  complete  skele- 
ton of  Po'ibrotherium  labiatum  of  Cope,  from  the  White  River 
beds,  a  restoration   of  which  is  given,  and  also  numerous   bones 
illustrating  the  other  genera.     From  his  critical  study.  Prof.  Scott 
draws  conclusions  as  to  the  changes  which  took  place  in  the  course 
of  development,  and  thence  deduces  principles  as  to  "  the  modes 
and  factors  in  the  evolution."     His  method  is  the  only  right  one, 
and  it  is  used   with  great  caution  and  excellent  judgment.     The 
closing  part  of  his  chapter  on  Evolution  takes  up  the  question  as 
to  factors ;  and  in  the  introductory  remarks  he  expresses  bis  dis- 
sent from    Weissmann's  theory  of  the  continuity  of  the   germ> 
plasm,  and  says  that  in  his  opinion  "  so  far  from  rendering  the 
phenomena  of  heredity  more  intelligible,  it  tends  to  confuse  them 
still  further,  and  to  end  logically  in  a  system  very  like  the  old 
preformalionism.     As  Lloyd  Morgan  has  very  pithily  put  it,  *  I 
cannot  but  regard   Weissmann's  doctrine  of  the  continnity  of 
germ-plasm  as  a  distinctly  retrograde  step.     His  germ-plasm  is 
an  unknowable,  invisible,  hypothetical  entity,  material  though  it 
be,  it  is  of  no  more  practical  value  than  a  mysterious  and   mythi- 
cal germinal  principle.'  "    Prof.  Scott  in  summing  up  the  results  of 
his  examination  says,  that  it  is  clearly  seen  "  that  transformation, 
whether  in  the  way  of  the  addition  of  new  parts,  or  th^  reduction 
of  those  already  present,  acts  just  as  ifxhe  direct  action  of  the 
environment  and  the  habits  of  the  animal  were  the  efficient  cause 
of  the  change,   and  any  explanation  which  excludes  the  direct 
action  of  such  agencies    is   confronted  by   the   difficulty  of  an 
immense  number  of  the  most  striking  coincidences." 

6.  On  Palceaspis  of  Claypole, — A  paper  by  Mr.  Claypole  on  his 
genus  Palmaspis  was  read  before  the  Geological  Society  of  Lon- 
don on  the  22nd  of  June.  In  it  he  '*  describes  two  specimens 
from  the  Onondaga  group  (referred  to  the  Lower  Ludlow),  which 
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indicate  the  existence  of  a  ventral  plate.  The  fossil  which  he 
described  as  P,  bitnvacata  is  maintained  to  be  the  Scaphaspid 
plate  of  P.  Americana,^'*  The  genus  is  compared  with  other 
Pteraspid  genera,  and  a  restoration  in  accordance  with  his  con- 
clnsions  is  given. — Ann,  Mag,  Nat.  Hut.^  Oct.  1892,  334. 

6.  Devonian  fossils  from  the  Islands  and  vicinity  of  Lakes 
Manitoba  and  Winfiepegosis,  by  J.  F.  Whiteaves,  Canada 
Geological  Survey. — Mr.  Whiteaves  enumerates  and  describes  a 
large  number  of  Devonian  fossils  from  North-Central  America 
and  illustrates  them  with  many  lithographic  plates.  The  species 
are  in  part  identical  with  those  of  the  United  States.  But  a  con- 
siderable number  are  new;  and  they  are  of  unusual  interest  also 
**  on  account  of  the  close  relations  brought  out  in  many  respects 
between  the  fauna  of  these  rocks  and  that  of  the  Devonian  rocks 
of  Europe."  The  collections  were  made  by  Mr.  Tyrrell  and  the 
author  of  the  papers,  and  the  localities  are  laid  down  on  Mr. 
Tyrrell's  "geological  map  of  Northwestern  Manitoba,  and  por- 
tions of  the  districts  of  Assiniboia  and  Saskatchewan,"  recently 
published  by  the  Canadian  Survey. 

1.  J.  P.  Iddings:  "7%e  likiiptive  Bocks  of  Electric  Peak 
and  Sepulchre  Mt,^  Yellowstone  Nat,  Park,'*^  Annual  Report 
U,  S,  Geolog.  Survey^  Vol,  XII, — The  writer  presents  the  result 
of  his  studies  on  groups  of  igneous  rocks  occurring  in  the  north- 
west comer  of  the  Park.  At  Electric  Peak  occurs  a  stock  of 
diorite  accompanied  by  a  great  number  of  dikes  and  of  sheets 
extensively  intruded  into  Cretaceous  strata.  These  rocks  are 
described  in  considerable  petrographical  detail  with  tables  of 
variation  in  structure  and  in  chemical  and  mineralogical  composi- 
tion. From  this  it  is  shown  that  the  variations  in  all  directions 
are  most  gradual  and  transitional  and  that  it  is  impossible  to  dis- 
tinguish sharply  differentiated  types.  The  rocks  of  Sepulchre 
Mountain,  a  series  of  andesitic  dii:es  cutting  breccias,  are  treated 
with  like  results  and  the  relationship  of  the  two  occurrences 
showq.  Then  follows  a  discussion  of  the  bearing  of  the  observed 
facts  on  theoretical  petrography:  the  writer  establishes  that  the 
same  magma  under  differing  physical  conditions  produce  rocks 
mineralogically  different.  In  conclusion  the  subject  of  classifica- 
tion is  touched  upon  and  the  writer  expresses  himself  in  favor  of 
a  system  based  on  crystalline  struciure.  The  paper  is  ably 
written  and  a  most  important  contribution  to  petrographical 
literature.  l.  v.  p. 

8.  A.  Sauer  :  (Mittheilitngen  der  Grossh,  Badischen  Landesan- 
stalt,  IL  Bd,) — In  a  petrographical  and  geological  study  of 
"The  Granite  of  Durbach "  the  author  describes  a  peculiar 
syenite  of  lamprophyric  character  which  surrounds  the  granite 
as  an  outer  zone  and  to  which  he  gives  the  name  of  Durbachite. 
Particularly  interesting  are  the  author's  researches  on  the  chem- 
ical composition  of  the  hornblende  of  this  syenite.  This  obtained 
in  a  state  of  great  purity  and  freshness  yielded  2*72  per  cent  of 
water  by  the  Sipocz-Ludwig  method,  although  over  the  blastlamp 
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and  heating  to  incipient  white  heat  only  1*63  per  cent  could  be 
obtained,  regard  being  paid  to  the  oxidation  of  the  ferrous  iron 
present.      The   water   being   considered   as   basic  the    analysis 

showed  the  mineral  composed  of  a  mixture  of  RSiO,  and  R^SiO^ 
silicates  and  as  a  result  of  his  work  the  writer  urges  that  more 
attention  should  be  paid  to  the  determination  of  water  in  bom- 
blende  analyses,  since  small  quantities  escaping  determination 
may  cause  great  differences  in  the  molecular  formulae,  on  account 
of  its  low  molecular  weight.  l.  v.  p. 

9.  Danalite  from  Cornwall. — The  occurrence  of  the  rare  min- 
eral daualite  at  Redruth,  Cornwall,  has  been  recently  described 
by  Miers  and  Prior  {3fin.  Mag.^  vol.  x,  p.  10).  The  only  speci- 
men thus  far  known  was  obtained  in  1864;  it  shows  a  group  of 
large  reddish  crystals  of  tetrahedral  aspect  which  were  formerly 
supposed  to  be  pseudomorphs  of  garnet  after  tetrahedrite.  The 
danalite  is  associated  with  quartz,  small  crystals  of  arsenopyrite 
and  sphalerite.  The  hardness  of  translucent  crystalline  frag- 
ments of  a  columbine-red  color  is  5 '6 ;  the  specific  gravity  is 
3 '350.  An  analysis  gave  the  results  in  1,  while  a  new  analysis  of 
the  Schwarzenberg  helvite  gave  the  numbers  in  2  ;  from  the 
latter  a  little  fiuorite  has  been  deducted. 


SiOa 

FeO   . 

MnO 

ZnO 

BeO 

CaO. 

S 

1. 

29-48 

37-63 

11-53 

4-87 

14-17 

tr. 

6-04  =  102-62 

2. 

33-33 

4-45 

44-43 

._ 

14-92 

-- 

6-03      AUO.    0-77  =  102-93 

A  new  occurrence  of  danalite  from  Colorado  is  described  with 
analysis  by  Genth  and  Penfield  on  p.  385  of  this  number. 

10.  Mineral  Resources  of  the  United  States,  Calendar  years 
1889,  1890.  David  T.  Day,  Editor,  671  pp.  Washington,  1892 
(TJ.  S.  Geol.  Survey,  J.  W.  Powell,  Director).— The  seventh  vol- 
ume of  this  valuable  series  has  recently  been  issued  and  like  its 
predecessors  gives  a  careful  review  by  competent  writers  of  tbe 
mineral  industries  of  this  country ;  the  period  embraced  by  the 
report  covers  the  years  1889  and  1890.  It  is  announced  that  tbe 
volume  for  1891  is  also  well  under  way. 


Temperature  of  the  Circumpolar  region. — A  short  paper  on 
the  temperature  of  the  Circumpolar  regions,  by  Jules  Girard, 
along  with  a  map,  is  contained  in  the  Bulletin  of  the  Societe  de 
Geographic  of  Paris,  for  the  2nd  trimester  of  1892.  It  is  based 
on  the  International  observations  during  the  year  August  1882 
to  August  1883,  and  the  reports  furnished  by  the  expeditions. 
There  were  15  stations  occupied  by  the  several  nations — the 
United  States,  England,  Germany,  Denmark,  Austria,  Sweden, 
Norway,  Holland  and  Russia — which  took  part  in  the  observa- 
tions. 
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. — An  Experimental  Comparison  of  FormvZcB  for 
I    Radiation    between    16°    C\   ana    110°    C. ;     by 


Art.  LV 
Total 
W.  LeConte  Stevens, 


The  earliest  attempt  to  express  the  rate  of  cooling  of  a 
heated  body  was  that  made  by  ^ewton  and  embodied  in  a 
simple  formula,  which  states  that  this  rate  is  directly  propor- 
tional to  the  difference  of  temperature  between  the  radiating 
body  and  the  medium  surrounding  it.  It  has  lonff  been  known 
that  this  law  is  only  approximately  tnie  when  these  tempera- 
ture-differences are  small,  and  that  it  is  wholly  inapplicable 
when  they  are  large. 

During  the  early  part  of  the  present  century  an  elaborate 
research  on  the  measurement  of  temperature  and  the  com- 
munication of  heat  was  made  by  Dulong  and  Petit.*  Such 
instruments  as  the  thermopile,  the  bolometer,  and  the  galva- 
nometer had  not  yet  been  invented.  Their  method  was  to 
employ  as  radiating  body  a  large  thermometer  whose  bulb  con- 
tained more  than  a  kilogram  of  mercury.  This  was  placed  with- 
in an  envelope  which  was  kept  at  constant  temperature  and  made 
nearly  vacuous  as  ouickly  as  possible  after  the  introduction  of 
the  heated  bulb.  The  rate  of  cooling  was  found  to  be  a  func- 
tion of  the  temperature  of  the  envelope,  the  latter  being  kept 
constant  during  any  given  experiment,  but  varied  for  diSerent 
experiments.  For  a  given  difference  of  temperature  between 
the  bulb  and  its  enclosure  it  was  found  that  the  rate  of  radia- 
tion increases  very  nearly  in  geometrical  progression  while 
that  of  the  enclosure  increases  in  arithmetical  progression.     If 

*  Annales  de  Chimie  et  de  Physique,  vol.  vii,  1817. 

Am.  Jour.  Soi. — Third  Series,  Vol.  XLIY,  No.  264.— December,  1893. 
29 


Digitized  by  VjOOQIC 


432  W.  LeCoiite  Stevens — Experimental 

S  represent  the  quantity  of  heat  radiated  in  unit  of  time,  Q  the 
temperature  of  the  enclosure,  t  the  excess  of  temperature  of 
the  radiating  body  over  that  of  the  enclosure,  a  a  constant 
whose  value  they  determined  to  be  1'0077,  and  m  another  con- 
stant whose  value  depends  on  the  nature  of  the  substance  and 
the  condition  of  its  surface,  the  law  of  Dulong  and  Petit  is 
expressed  by  the  formula 

S  =  7n(a)V-l)  0) 

In  order  to  compare  this  formula  with  others  presently  to  be 
given,  it  will  be  best  to  express  Q  and  t  in  terms  of  absolute 
temperature.  Letting  T  stand  for  the  absolute  temperature 
of  the  heated  body,  and  T^  that  of  the  enclosure,  we  have 
d  =  T,-273,  and  ^  =  T-T,.     The  formula  now  becomes 

S  =  w?(l  0077)T'>-27«(i.oo77T-T«-l)  (2) 

The  range  through  which  the  value  of  T— T^  was  varied  in 
these  experiments  was  240°  C,  while  the  temperature  of  the 
enclosure  was  varied  from  0°  to  60°  C. 

Subsequent  investigators  have  tested  the  formula  of  Dulong 
and  Petit,  and  have  found  that  although  it  may  seem  to  cor- 
respond nearly  to  the  truth  within  the  limits  selected,  it  gives 
very  erroneous  results  at*  higher  temperatures,  the  radiation 
revealed  by  measurement  being  much  less  than  that  which  is 
calculated  by  means  of  the  formula.  De  la  Provostaye  and 
Desains  tested  it  with  thermometers  whose  bulbs  were  covered 
with  a  plating  of  metal,  and  found  that  under  this  condition 
the  factor,  7/i,  varies  with  the  temperature.*  Draper,  Tyndall, 
and  Ericsson  have  published  researches  which  showed  the 
insuflSciency  of  Dulong  and  Petit's  formula.  This  formula 
may  therefore  be  considered  now  as  of  only  historic  interest. 

In  an  exhaustive  comparison  of  the  work  done  by  these 
physicists.  Professor  Stefan,  of  Vienna,  proposed  a  formula 
which,  like  those  that  preceded  it,  is  empirical,  but  which  cor- 
responds much  more  nearly  to  the  results  of  measurement 
than  does  that  of  Dulong  and  Petit.f  He  found  that  the 
amount  of  heat  emitted  in  unit  of  time  was  proportional  to 
the  fourth  power  of  the  absolute  temperature  ;  or,  in  the  nota- 
tion already  employed, 

S  =  mT*  (3) 

Since  there  is  an  exchange  of  heat  between  the  radiating  body 
and  the  surrounding  medium,  the  effective  radiation  is 

S  =  wT*-mT/ 

This  is  obviously  reducible  to  the  form 

♦Ann.  de  Chimie  etde  Physique,  III,  xvi. 

f  SitzuDgsberichte  der  K.  Akademie  der  Wissenschaften,  Wien,  Izxix,  1879. 
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S  =  mT/(^-l)  >) 


This  formula  has  the  advantage  of  great  simplicity  and  ease  of 
application. 

Almost  simultaneously  with  the  publication  of  Stefan's 
paper  in  Vienna  appeared  an  experimental  research  on  the 
temperature  of  the  sun,  by  M.  F.  Rosetti,  of  Padua.*  Rosetti 
employed  the  thermopile  and  galvanometer  for  measuring 
the  radiation  from  a  Leslie  cube  covered  with  lamp-black 
and  filled  with  water,  which  was  stirred  in  order  to  secure 
uniformity.  For  temperatures  between  100°  and  300"  mer- 
cury was  substituted  for  water.  In  the  liquid  were  immersed 
the  bulbs  of  two  thermometers  whose  readings  gave  the  mean 
temperature  at  any  selected  moment.  For  still  higher  temper- 
atures a  copper  ball  was  heated  to  redness,  then  exposed  at  a 
fixed  distance  in  front  of  the  thermopile  long  enough  to  pro- 
duce a  galvanometer  deflection,  and  immediately  afterward 
thrown  into  a  calorimeter.  The  specific  heat  of  copper  being 
known,  it  becomes  possible  to  compute  the  temperature  of  the 
ball  at  the  moment  of  its  immersion  in  the  water.  From 
these  and  other  experiments  Rosetti  was  led  to  adopt  the 
empirical  formula, 

S  =  ar(T-T„)-*(T-TJ  (5) 

Here  a  and  h  are  two  constants  whose  values  for  the  particu- 
lar instruments  he  employed  were  determined  to  be  a  = 
0-00000335131,  and  J  =  0-0636853.  Rosetti  considered  the 
first  term  of  his  formula  to  represent  the  heating  effect  if  the 
body  were  radiating  in  a  vacuum,  and  the  second  term  to  rep- 
resent the  radiation  of  the  air  in  which  the  body  is  immersed. 
Comparing  this  with  Newton's  formula, 

S  =  o(T-T.), 
it  is  seen  that  while  Newton  regarded  the  emissive  power,  a^ 
as  independent  of  temperature,  Kosetti  regarded  it  as  propor- 
tional to  the  square  of  the  absolute  temperature. 

The  accordance  between  the  results  of  experiment  and  of 
calculation  by  means  of  this  formula,  as  published  by  Rosetti, 
are  quite  remarkable,  though  the  experiments  seem  liable  to 
some  criticism.  Any  assumptions  regarding  the  uniformity  of 
temperature  in  a  Leslie  cube  are  subject  to  challenge,  if  the 
water  be  not  kept  boiling.  The  calculations  of  temperature 
from  calorimetric  measurements  is  usually  affected  with  a  large 
probable  error.  For  temperatures  higher  than  those  employed 
in  calorimetry  Rosetti  used  small  disks  of  metal  which  were 
rendered  incandescent  in  the  hottest  flames  at  his  command, 


♦Annales  de  Chimieet  de  Physique,  V,  vol.  xvii,  1879. 
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and  their  radiation  while  thus  glowing  was  measured  by  means 
of  the  thermopile.  Finding  his  formula  apparently  satisfac- 
tory, he  assumed  it  to  be  applicable  to  yet  higher  temperatures. 
Exposing  his  thermopile  to  the  sun  and  comparing  the  deflec^ 
tion  thus  obtained  with  that  given  by  a  body  of  known  temper- 
ature and  area,  at  a  known  distance,  the  temperature  of  the 
sun  was  computed  to  be  about  10,000°  C.  The  work  done  by 
Kosetti  was  valuable;  but  his  formula,  involving  two  unde> 
termined  constants  which  vary  with  every  thermometric  instru- 
ment employed,  may  be  considered,  like  that  of  Dulong  and 
Petit,  as  of  little  more  than  historic  interest. 

In  1 888  an  important  communication  regarding  the  radiation 
of  solid  bodies  was  given  to  the  Berlin  Academy  of  Sciences 
by  Professor  H.  F.  Weber,  of  Ziirich.*  He  had  been  engaged 
in  an  extended  investigation  of  incandescent  electric  lamps  for 
the  purpose  of  finding,  if  possible,  a  general  formula  for  the 
relation  existing  between  the  quantity  of  light  emitted,  the 
area  of  the  radiating  surface,  the  quality  of  the  substance 
raised  to  incandescence,  and  the  amount  of  electric  energy 
expended.  Among  the  results  attained  was  the  establishment 
of  a  formula  expressing  the  relation  between  the  intensity  of 
any  selected  homogeneous  radiation,  the  corresponding  wave 
length,  the  temperature,  and  the  quality  of  the  radiating  sub- 
stance. An  indispensable  factor  in  the  determination  ox  this 
formula  was  the  previous  admirable  work  of  Langley  on  radia- 
tion from  the  sun  and  various  terrestrial  sources,  expressed  in 
an  energy  curve  which  is  now  familiar  to  all  physicists.  From 
the  study  of  this  energy  curve  and  of  all  other  published 
results  that  were  accessible,  as  well  as  his  own  experiments, 
Weber  obtained  the  following  formula : 

1 

A 

Here  T  denotes  the  absolute  temperature  of  the  radiating 
body,  expressed  in  degrees  centigrade,  k  the  wave  length  of 
the  homogeneous  radiation  considered,  F  the  area  of  the 
radiating  surface  in  square  centimeters,  e  the  base  of  the 
Naperian  system  of  logarithms,  and  s  the  amount  of  energy 
radiated  by  the  body  in  all  directions  in  unit  of  time.  The 
constant,  c,  depends  on  the  natnre  of  the  radiating  surface;  it 
is  the  '*  emission  constant."  The  constant  V  depends  also  on 
the  nature  of  the  radiating  body.  Its  mean  value,  as  deter- 
mined from  a  large  number  of  experiments  has  been  found 
to  be 

^'  =  0-196  XIO-' 

*  SitzuDgsberichte  der  K.  Akademie  der  WissenschafteD,  Berlin,  26  Juli,  1888. 
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To  determine  the  value  of  the  coaetant  a,  experiments  were 
made  upon  a  variety  of  solid  conductors,  including  carbon, 
platinum,  iron,  and  copper,  raised  to  incandescence.  For  each 
of  these  the  same  value  was  found, 

a  =  0-0043 
If  it  be  desired  to  find  the  total  radiation,  rather  than  that 
of  a  single  wave-length,  the  equation  just  given  must  be  inte- 
ffrated  between  the  limits  A  =  0  and  A  =  oc .     We  have  then 
lor  the  total  radiation,  S, 


-/ 


sdK 
The  result  of  the  integration  is 

_  aT 

S  =  \n^n  cbFe    T 

Or,  letting  0  represent  the  total  emission  constant,  i;ry^;r  ob,  we 
have 

aT 
S  =  CFe    T 

If  the  radiating  body  be  surrounded  by  another  body  whose 
constant  absolute  temperature  we  may  call  T,,  there  is  mutual 
radiation  between  the  two,  and  the  resultant  radiation  of  the 
first  becomes 

aT  aTo 

S  =  CFe    T~CF6     T 


,       ^^  *To^  /T     a(T-To) 
l  =  CFe      T/ 


This  is  obviously  reducible  to  the  form 

/T     a(T-To)      A 

4t/         -') 

Here  the  quantity  outside  of  the  parenthesis  is  made  up  of 
constants,  and  the  variation  of  S  is  dependent  only  on  T. 
For  purposes  of  comparison  therefore  we  may  employ  only 
what  is  found  within  the  parenthesis. 

This  formula  has  been  tested  by  applying  it  to  the  results  of 
experiments  already  published  by  Schleiermacher,  Graetz,  and 
Magnus  in  Germany,  Bottomley  and  Tyndall  in  England, 
Violle,  Qarbe,  Becquerel  and  Mouton  in  France,  and  Langley 
and  Nichols  in  America.  A  part  of  these  results  were  in- 
cluded in  the  communication  to  which  reference  has  already 
been  made. 

In  testing  Stefan's  formula*  Schleiermacher  measured  the 
loss  of  energy  sustained  in  unit  of  time  by  a  platinum  wire, 
heated  to  a  given  temperature  within  a  good  vacuum  by  means 
of  the  electric  current  and  surrounded  by  an  envelope  kept  at 

*  Wiedemann's  Annalen,  xxvi,  p.  287. 
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ja  lower  fixed  temperature.  The  temperature  of  the  wire  was 
deduced  from  the  variation  in  its  resistance.  The  result  wae 
to  show  that  for  low  temperatures  Stefan's  formula  gives 
results  that  are  too  great,  and  for  high  temperatures  they  are 
too  small.  The  application  of  Weber's  formula  to  Schleier- 
macher's  data  yields  results  that  are  more  consistent 

The  following  experiments  have  been  made  with  a  view  to 
comparing  the  formulas  of  Dulong  and  Petit,  Rosetti,  Stefan 
and  Weber  in  their  application  to  temperatures  but  little 
removed  from  that  of  the  atmosphere,  not  employing  the 
indirect  method  of  Schleiermacher,  but  measuring  tempera- 
tures directly  with  the  thermometer  and  radiation  with  the 
thermopile. 

The  radiating  body  was  a  metallic  disk  instead  of  the  Leslie 
cube.  A  hole  was  drilled  into  it,  parallel  to  one  of  its  flat 
surfaces  and  extending  nearly  to  the  center.  This  was  for  the 
reception  of  a  thermometer.  The  disk  could  therefore  be 
raised  to  any  desired  temperature  within  the  range  of  the  ther- 
mometer, and  its  temperature  be  noted  at  any  moment  while 
it  was  cooling.  One  face  was  kept  always  scrupulously  clean 
and  smooth  so  as  to  prevent  variations  in  emissive  power.  This 
face  was  turned  toward  a  thermopile  at  a  fixed  distance  from 
it.  The  thermopile  was  enclosed  in  a  double  walled  box  of 
sheet  brass  for  tne  purpose  of  preventing  draughts  and  otlier 
disturbances  that  might  affect  its  temperature.  Through  the 
cover  of  this  box  a  delicate  thermometer  was  passed,  so  that 
its  bulb  rested  almost  in  contact  with  the  thermopile.  Varia- 
tions of  temperature  within  the  box  were  thus  measurable  to 
within  a  hundredth  of  1°  C.  In  the  end  of  the  box  turned 
toward  the  disk  was  a  circular  opening,  7*^"*  in  diameter,  pro- 
vided with  a  double-walled  adjustable  brass  cover.  This  was 
controlled  by  means  of  a  string  so  that  the  thermopile  could 
be  exposed  to  radiation  for  a  brief  interval  and  then  shut  off 
from  this.  The  thermopile  was  connected  with  a  very  delicate 
mirror  galvanometer  of  low  resistance,  and  all  readings  were 
taken  by  means  of  telescope  and  scale.  The  sensitiveness  of 
this  galvanometer  was  tested  from  time  to  time  by  putting  it 
in  circuit  with  a  standard  Clark  cell  and  a  resistance  of  72,000 
ohms.  Around  the  suspended  disk,  except  on  the  side  toward 
the  thermopile,  double  brass  screens  were  placed,  and  a  screen 
also  above  the  space  between  it  and  the  box.  Disturbing  air 
currents  were  thus  avoided,  not  completely,  but  as  far  as  pos- 
sible. The  entire  apparatus  was  in  a  basement  room  whose 
temperature  remained  very  nearly  constant  from  day  to  day. 
A  thermometer,  hung  outside  of  the  brass  screens,  permitted 
comparison  between  the  temperature  of  the  room  and  that 
within  the  box  containing  the  thermopile. 
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Before  beginning  any  one  series  of  observations,  readings 
were  taken  from  each  oi  the  three  thermometers.  These  had 
of  course  been  previously  compared  and  found  reliable,  so 
that  the  correction  for  difference  between  them  was  very 
small  The  disk  had  been  hanging  in  position  for  some  hours, 
but  on  exposure  the  thermopile  always  indicated  a  slight  dif- 
ference of  temperature  between  itself  and  the  disk,  amount- 
ing to  one  or  more  scale  divisions.  This  deflection  was 
recorded,  to  be  used  as  a  correction  to  subsequent  readings. 
The  disk  was  then  removed,  heated  up  to  a  given  temperature 
in  excess  of  any  to  be  measured,  and  hung  again  in  position. 
After  a  few  minutes  its  temperature  was  noted,  the  thermopile 
exposed  long  enough  only  to  produce  a  throw  of  the  galva- 
nometer needle,  the  temperature  of  the  disk  immediately 
again  noted,  and  also  the  temperature  of  the  thermopile  as 
indicated  by  the  thermometer  in  the  box.  This  procedure 
was  repeated  at  intervals  of  two  minutes  during  one  or  two 
hours,  in  which  the  disk  became  cooled  down  to  a  temperature 
differing  but  little  from  that  of  the  room. 

The  arrangement  of  apparatus  and  the  procedure  just  de- 
scribed was  that  finally  adopted  after  many  days  had  been 
spent  and  many  hundreds  of  observations  taken  which  had 
failed  to  yield  satisfactory  results.  With  the  utmost  care  it  is 
impossible  4;o  exclude  air  currents  from  the  disk,  and  hence 
irregularities  in  its  radiation.  The  same  remark  would  apply 
equally  to  the  Leslie  cube,  with  the  additional  consideration 
that  convection  currents  within  the  cube  during  its  cooling 
would  be  very  hard  to  control,  even  with  assiduous  stirring. 
At  each  exposure  of  the  thermopile  the  air  around  it  becomes 
warmed  slightly  by  the  disk,  and  it  cannot  be  assumed  that  the 
temperature  of  the  room  is  that  of  the  thermopile  after  the 
first  few  exposures  have  been  made.  By  enclosing  the  instru- 
ment in  a  box,  this  warm  air,  it  is  true,  is  prevented  from 
passing  away  ;  but  this  disadvantage  is  much  more  than  offset 
by  the  possibility  of  measuring  and  recording  the  increase  of 
temperature,  for  which  a  curve  of  corrections  is  afterward 
made. 

To  continue  any  one  series  of  observations  until  the  differ- 
ence of  temperature  between  disk  and  thermopile  vanishes  is 
obviously  impossible.  Even  when  this  difference  amounts  to 
several  degrees  disturbances  are  apt  to  produce  such  irregu- 
larities in  the  indications  of  the  thermopile  as  to  introduce 
serious  error.  By  artificially  cooling  the  disk  until  it  seemed 
to  indicate  the  same  temperature  as  the  box  it  was  found  that 
uncontrollable  errors  were  introduced.  It  was  best  therefore 
to  allow  the  cooling  by  radiation  to  continue  until  a  tempera- 
ture-difference of   5°   or   10®  remained,  recording  the  corre- 
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sponding  deflections  at  the  usual  intervals.  To  find  out  what 
would  be  the  residual  deflection,  if  this  temperature-diflEerence 
as  indicated  by  the  thermometers  were  reduced  to  zero,  advan- 
tage is  taken  of  the  fact  that  for  such  small  differences  the 
curve  expressing  the  radiation  is  approximately  a  straight  line. 
Taking  therefore  the  recorded  small  temperature-differences 
as  abscissas  and  the  corresponding  deflections  as  ordinates,  a 
straight  line  is  drawn  through  the  points  thus  found.  Pro- 
longing the  line  in  a  negative  direction  until  it  cuts  the  axis 
of  ordinates,  the  distance  of  the  point  of  intersection  above 
or  below  the  origin  gives  the  correction  to  be  applied  to  these 
final  readings.  The  correction  to  the  initial  readings  having 
been  taken  before  heating  the  disk,  and  the  slight  variation  (3 
temperature  in  the  box  having  been  recorded,  we  have  the 
means  of  constructing  at  least  an  approximate  curve  of  cor- 
rections for  all  intermediate  readings. 

It  is  scarcely  necessary  to  add  that  all  thermometer  readings 
were  corrected  for  the  difference  of  temperature  between  bulb 
and  tube»  and  that  all  scale  readings  were  reduced  to  those 
which  would  have  applied  to  a  circular  arc. 

The  disk  employed  in  the  majority  of  the  experiments  was 
made  of  iron,  though  a  number  of  measurements  were  made 
also  with  one  of  copper  of  the  same  dimensions.  The  distance 
from  disk  to  thermopile  was  kept  constant  for  each  single  series 
of  observations,  but  this  distance  was  varied  from  30*^  to 
40*'"'  according  to  necessity,  and  the  sensibility  of  the  galvan- 
ometer likewise  varied,  for  different  ranges  of  fall  of  tempera- 
ture. The  superior  conductivity  of  copper  ensures  quicker 
equalization  of  temperature  throughout  the  disk  of  this  metal, 
but  that  of  iron  is  amply  sufficient,  while  its  higher  coeflicient 
of  emission  makes  the  experiments  less  tedious  and  less  subject 
to  error  than  when  a  disk  of  copper  is  employed.  The  disk  con- 
stitutes a  short  cylinder  whose  radius  is  r  =  7*3*™  and  whose 
length  is  2  ^  =  1  •4*'"  or  the  distance  from  center  to  flat  surface 
of  the  cylinder  is  Z  =  0-7^"'.  It  can  be  shown*  that  if  a  ther- 
mometer bulb  be  placed  within  such  a  cylinder  of  heated  iron  at 
its  center,  and  if  it  be  assumed  that  a  brief  interval  of  time,  such 
as  one  minute,  has  elapsed,  then  between  the  center  of  the 
disk  and  the  nearest  point  on  its  face,  at  a  distance  of  0*7""  the 
absolute  temperature  does  not  vary  more  than  0*0002  of  itself, 
or  0'02  of  1  per  cent;  also  that  the  temperature-difference 
between  center  and  circumference  of  the  flat  surface,  an  inter- 
val of  T'a^'",  does  not  exceed  0*18  of  1  per  cent.  It  is  safe  to 
assume  therefore  that  no  error  so  great  as  the  necessary  errors 
of  observation  can  be  introduced  by  accepting  the  temperature 

•Lectures  of  H.  F.  Weber  on  the  Theory  of  Cylinder  FuDCtions  and  their  appli- 
cation to  the  Problems  of  Physics. 


Digitized  by  VjOOQIC 


Comparison  of  Formvlmfor  Total  Radiation.         439 

indicated  by  the  thermometer  as  the  temperature  of  the  radia- 
ting surface. 

The  method  of  work  and  the  degree  of  accuracy  attained 
may  now  be  further  illustrated  by  tabulating  some  of  the 
results. 

Tables  I  and  II  exhibit  two  independent  series  of  measure- 
ments, on  a  fall  of  temperature  through  40°  C,  the  initial  tem- 
peratures being  approximately  60°  C.  as  shown.  For  con- 
venience the  tables  are  arranged  in  the  order  of  the  intervals  of 
time  included  in  each,  rather  than  in  that  of  increasing  tem- 
perature-difference which  would  on  some  accounts  be  prefer- 
able. The  measurements  were  on  the  radiation  of  the  iron 
disk.  For  the  series  indicated  by  Table  [  the  initial  deflection 
obtained  before  heating  the  disk  was  <Jj=  +0  3  scale  division. 
The  disk  was  then  heated  up  to  a  temperature  a  little  in  excess 
of  60°  and  hung  in  position.  While  it  cooled  down  to  21°'6  a 
series  of  57  observations  were  made  at  intervals  of  two 
minutes.  The  residual  correction  was  then  found  to  be 
^,=  —2*0  scale  divisions.  The  sensitiveness  of  the  galvanome- 
ter remained  um^hanged  during  the  114  minutes  of  work,  while 
the  tehiperature  wiWiin  the  box  was  raised  from  16°*  16  to 
16°'72.  For  the  purpose  of  tabulation  the  absolute  tempera- 
tures, time  intervals,  and  corresponding  galvanometer  deflec- 
tions were  obtained  by  interjwlation  for  intervals  of  5°  in  suc- 
cession, after  all  necessary  corrections  had  been  applied  to  the 
recorded  readings.  The  horizontal  column  H  gives  the  hour  and 
minute  at  which  the  record  thus  obtained  should  have  been 
made.  Column  T  gives  the  absolute  temperatures  of  the 
disk,  T^  those  of  the  thermopile,  and  T  —  T,  the  temperature 
differencea  Column  E  giyes  the  experimental  result  m  radia- 
tion, as  obtained  in  scale  divisions  of  deflection.     Column  W 

gives  the  numbers  for  |  ^  e^  "~  "  —  1 1,  which   is  the   factor 

involving  the  variable,  T,  in   Weber's  formula.      Column   S 

gives  the  numbers  for  (=;  4  —  l  V  involving  the  same  variable 

in  Stefan's  formula.  Each  number  thus  obtained  by  formula 
is  then  divided  by  the  corresponding  values  of  E  in  the  same 
vertical  column  obtained  by  experiment.  The  quotients  are 
arranged  in  the  horizontal  columns  W  -=-  E  and  S  -=-  E  respec- 
tively, and  multiplied  by  a  power  of  10  for  the  purpose  of 
avoiding  inconvenient  decimals.  This  has  no  influence  since 
our  object  is  only  that  of  comparison.  If  a  formula  be  cor- 
rect, and  if  the  measurements  be  free  from  error,  the  numbers 
contained  in  the  corresponding  horizontal  column  of  quotients 
should  be  identical.     If  they  progressively  increase  or  decrease 
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through  the  series,  this  shows  that  the  formula  gives  results 
that  are  progressively  too  high  or  too  low,  as  the  case  may  be. 
The  explanation  just  given  applies  equally  to  Tables  II,  III 
and  IV,  the  last  two  of  which  represent  a  fall  of  temperature 
through  80°. 

Table  I. 


H 

9M9™ 

9''  33» 

9»»  39" 

9»'  45» 

9»'53» 

IQh  3'» 

10»'19™ 

10*»  38™ 

11M8- 

T 

334- 16 

329-20 

324  26 

319-33 

314-43 

309-62 

30461 

299-65 

294-72 

To 

28916 

289  20 

289-26 

289-33 

289-43 

289-52 

289-61 

289  65 

289-72 

T~To 

45 

40 

35 

30 

25 

20 

15 

10 

5 

B 

419-1 

366-9 

3)5-4 

264-6 

218-6 

I'yi-o 

126-6 

83-8 

41-3 

W 

0-403 

0-352 

0-302 

0-255 

0-210 

0-165 

0-122 

0-080 

0040 

s 

0-783 

0-680 

0-578 

0-485 

0-392 

0-306 

0-225 

0145 

0*069 

W-f-E 

962 

959 

957 

964 

960 

965 

964 

966 

968 

S-^B 

187 

185 

183 

183 

179 

179 

178 

175 

167 

Table  II. 

H 

9M7" 

9»>53™ 

9>»  58™ 

lOhsm 

10M3» 

lO**  24» 

10«»38«» 

10>»69» 

11^37- 

T 

332-98 

328-08 

32318 

318  32 

313-46 

308-63 

303-82 

29900 

29413 

To 

287-98 

288-08 

288-18 

288-32 

288-46 

288-63 

288-82 

289-00 

28913 

T-To 

45 

40 

35 

30 

25 

20 

15 

10 

5 

E 

426-1 

374-4 

321-4 

271-0 

221-9 

173-7 

127-3 

84-7 

42-0 

W 

0-403 

0-352 

0-302 

0-255 

0-210 

0-155 

0122 

0080 

0040 

S 

0-783 

0-680 

0-578 

0-485 

0-392 

0-306 

0225 

0-145 

0-069 

W--K 

946 

940 

940 

941 

946 

950 

958 

945 

952 

Sh-K 

184 

182 

.180 

179 

177 

176 

177 

171 

164 

Table  III. 

H        lO**  16™    10»'20'"   10»»25™  10^30™  10"*  36™  10'»44'»   10»>  54™  11»'9»    11»'32» 

T         384-21     374-26     36433     35440     34449  33457     324-65  314-70     30470 

To       289-21     289-26     28933     28940     289-49  28957     28965  289-70     '^89-70 


T-To 

B 

W 

S 
W^-K 
Sh-E 


95 
347-6 
0-999 
2-113 

287 
608 


85 
302-7 
0-865 
1-803 
286 
696 


75 
2563 
0-739 
15:4 
288 
591 


65 
214-2 
0-619 
1-249 
289 
583 


55 
1750 
0-508 
1-006 
290 
575 


45 
138-7 
0-403 
0780 
290 
562 


35 

103  9 
0-302 
0-578 
291 
556 


25 

722 
0210 
0-392 
291 
543 


15 

420 
0122 
0-225 
290 
536 


Table  IV. 
H    10'»35™  10^39™  lOt'43™  10»'45™  10»'54™  11»'2™  11»'12™  ll»»  27"  llt'49" 


T 

To 
T-To 

E 

W 

S 
W-4-B 


385-27 
290-27 

95 
432-0 
0999 
2113 
231 


S-+-B  489 


375-30 
290-30 

85 
37G-0 
0-865 
1-808 
230 
480 


365-35 
290-35 

75 
320-0 
0-739 
1-514 
231 
473 


355-43 
29043 

65 
266-2 
0-619 
1249 
233 
469 


345-50 
29050 

55 
218-2 
0-508 
1-006 
233 
461 


335-61 
290-61 
45 
173-0 
0-403 
0-780 
233 
451 


32568 
290-68 

35 
129-5 
0-302 
0-578 
233 
446 


315-71 
290-71 

25 

B9-8 
0-210 
0-392 
234 
437 


305-81 
290-81 

15 

52  6 
0122 
0-225 
232 
428 


If  now  each  one  of  the  series  of  numbers  in  column  W  -i-  E 
or  S  -7-  E  be  divided  by  the  mean  of  the  series  the  successive 
quotients  will  differ  but  little  from  unity.  The  corresponding 
horizontal  column  of  results  we  may  call  the  column  of  devia- 
tions. If  the  numbers  in  this  column  be  represented  by  a  curve, 
with  temperature-differences  for  abscissas,  this  curve  should  be 
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very  nearly  a  straight  line  parallel  to  the  axis  of  abscissas.  It 
will  be  most  convenient  to  arrange  such  a  series  therefore  in 
the  order  of  increasing  temperature-diflEerences,  which  is  the 
reverse  of  that  in  the  tables  just  given.  Any  irregularities  in 
the  curve  must  be  due  to  the  errors  of  experiment,  and  partly 
to  the  fact  that  logarithmic  results  are  only  approximations. 
Table  V  is  made  up  of  the  deviation  columns  from  five  inde- 
pendent series  of  observations  ranging  through  40°,  to  which 
Weber's  formula  has  been  applied.  Table  Vl  contains  the 
application  of  Stefan's  formula  to  the  same  series. 

Table  VII  shows  Weber's  formula,  and  Table  VIII  Stefan's 
formula,  applied  to  six  independent  series  of  observations 
ranging  through  80°.  In  each  case  the  mean  of  each  vertical 
column  is  shown. 


Table  V.- 

-Weber. 

T-To 

5 

10 

15 

20 

25 

80 

as 

40 

45 

I 

0-983 

0-989 

1  005 

1-007 

1007 

0-997 

1-001 

1-007 

1-007 

II 

l-i>08 

0-998 

1013 

1-004 

1-000 

0-993 

0-992 

0-993 

0-999 

III 

1-006 

1002 

0-998 

1-003 

0-998 

1001 

0-995 

0-997 

0-999 

IV 



1001 

1006 

1-006 

1006 

0-994 

0903 

1-002 

0-994 

Y 

.... 

1002 

1-009 

1011 
1-006 

0-996 

0-996 
0-996 

0-996 

0  996 
0999 

0-997 

Mean 

0-999 

0-998 

1006 

1-002 

0-995 

0.999 

Table  VI. 

—Stefan. 

T-To 

5 

10 

15 

20 

25 

30 

95 

40 

45 

I 

0-90G 

0-971 

0-991 

0-998 

1-008 

1012 

1-027 

1-040 

1-046 

II 

0-928 

0980 

0-998 

0-995 

l-OOO 

1008 

1017 

1-025 

1045 

III- 

0-928 

0-987 

0-988 

0-995 

0999 

1-016 

1-021 

1-007 

1039 

IV 



0-973 

0  983 

0  989 

0-997 

1-000 

1009 

104  3 

1-024 

V 

0-921 

0  977 
0-978 

0-986 

0-993 
0-994 

0-988 
0998 

1-002 
1008 

1012 
1017 

1-020 
1-023 

1-026 

MeaD 

0-989 

1036 

Table  VII. 

—  Weber 

T-To 

15 

25 

85 

45 

55 

65 

75 

85 

d5 

I 

0-993 

0977 

0-997 

1001 

1-014 

1  024 

0-992 

1-006 

0-996 

II 

1004 

1006 

1-005 

1004 

1003 

0-999 

0-996 

0988 

0-996 

III 

1-014 

1-009 

1-003 

1-002 

0-999 

0-993 

0-990 

0-993 

0-996 

IV 

0-997 

1-011 

1-002 

1002 

0997 

0-990 

1014 

1-001 

1017 

V 

0-999 

1-001 

1-004 

1003 

1-002 

1-001 

0-995 

0-991 

0-996 

VI 

.... 

.... 

1-000 

1-001 

1-001 

1-001 

0-999 

0-998 

.... 

Mean 

1-001 

1001 

1-001 

1002 

1-002 

1-001 

0-998 

0996 

1000 

Table  VIII 

.Stefan. 

T-To 

15 

25 

85 

45 

55 

65 

75 

85 

95 

I 

0-925 

0  922 

0-965 

0-979 

1-014 

1044 

1-027 

1059 

1064 

II 

0-937 

0-949 

0-973 

0-983 

1  005 

1-019 

1-032 

1-041 

1063 

III 

0-945 

0-953 

0971 

0981 

l-OOO 

1014 

1-026 

1047 

1-064 

IV 

0-926 

0-951 

0-966 

0-977 

0-995 

1006 

1046 

1  051 

1-083 

V 

0931 

0-950 

0  972 

0982 

1-003 

1021 

1030 

1-042 

1-065 

VI 

.... 

.... 

0957 

0-970 

0  993 

1-024 

1024 

1042 

.... 

Mean 


0-933      0-945      0968      0979      1002       1-019       1031       1-047       1068 
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The  mean  results  of  Tables  VII  and  VIII  are  expressed 
graphically  in  the  curves  of  fig.  1.  Here  it  is  seen  that 
Weoer's  formula  is  expressed  by  a  curve  (WW)  nearly  parallel 
to  the  axis  of  abscissas,  but  with  slight  irregularities,  as  might 
be  expected  in  any  representation  of  experimental  results.  At 
no  pomt  is  the  deviation  so  great  as  0*5  of  1  per  cent  Stefan's 
formula  is  expressed  by  a  curve  (SS)  which  is  plainly  oblique 
to  the  axis  of  abscissas,  the  greatest  aeviation  being  more  than 
6  per  cent  These  experiments  therefore  confirm  the  result 
otherwise  attained  by  Schleiermacher,  indicating  that  for  tem- 
peratures but  little  above  that  of  the  atmosphere  Stefan's 
formulagives  a  rate  of  increase  of  radiation  that  is  too  rapid, 
while  Weber's  formula  coincides  very  closely  with  the  results 
yielded  by  experiment. 

Pig.  1. 


1-000 


1040 


VOX 

1-000 

0-WO 

0-960 

0-940 

0*920 

0-900 

15  25  S5  45  55  65  75  85  95 

Curves  of  deviation  for  formulas  of  radiation  for  temperatures  from  30*  to  1 10*0, 

It  may  be  of  some  interest  in  this  connection  to  exhibit  the 
application  of  these  formulas  to  a  wider  range  of  temperature 
difference.  For  this  purpose  the  constants  of  each  formula 
have  been  determined  from  the  data  contained  in  the  tables 
just  given  ;  those  of  Rosetti's  formula  being  obtained  by  method 
of  least  squares.  In  fig.  2,  the  abscissas  represent  temperature 
differences  from  0°  to  800°  C,  the  temperature  of  the  thermo- 
pile being  taken  as  17°  C,  which  was  tne  mean  temperature  of 
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the  room  in  which  the  meaeurements  were  made.  The  ordi- 
nates  are  to  be  read  in  units  of  deflection  on  a  scale  such  as 
was  employed  in  the  galvanometer  readings  representing 
radiant  energy.  For  temperature-differences  less  than  100° 
these  curves  are  nearly  coincident.  For  high  temperatures 
Stefan's  formula  gives  results  that  are  higher  than  those  of 
Weber's  formula ;  but  the  rate  of  increase  by  Weber's  formula 
grows  more  rapidly,  and  for  a  temperature  difference  of  about 
720*^,  about  that  oi  red  heat,  the  two  curves  cross  each  other, 

Fig.  2. 


6O0OO 

T             ^ 

4S0O0 

/       \f 

400OO 

\      11 

8BO0O 

\     1 

80000 

1     J 

90000 

/  / 

20000 

IMMI 

/      //          /* 

lOWU 

10000 

JJy 

5000 

^^^ 

0  ^ 

•-"""'^'^ 

100a00800400SOOeOO']00800 

Curves  of  radiation  for  temperatures  from  17**  to  817**  0. 

D.  Curve  for  formula  of  Dulong  and  Petit. 
W.    "       "        "        "   Weber. 
S.       •'       "        "        "    Stefan. 
R.      "       '*         "        "    Rosetti. 

and,  from  this  point  on,  the  indications  of  Stefan's  formula 
become  lower  than  those  of  Weber's  formula.  In  this  connec- 
tion we  may  again  refer  to  the  experiments  of  Schleiermacher, 
who,  by  estimating  change  of  temperature  through  variation  of 
electrical  resistance,  found  the  indications  of  Stefan's  formula 
to  be  less  than  the  results  obtained  by  experiment.  The  curve 
of  Bosetti's  formula  gives  a  rate  of  increase  in  radiation  that  is 
about  as  much  too  low  as  that  of  Dulong  and  Petit  is  too  high. 


Digitized  by  VjOOQIC 


444  M.  Carey  L&a — Notes  on  Silver. 


Art.  LVI. — Notes  on  Silver;  by  M.  Carey  Lea. 

Action  of  Ammonia, — Aqueous  ammonia  is  supposed  to  be 
without  action  on  normal  silver  but  this  is  not  so :  under  favor- 
able conditions,  silver  is  gradually  taken  up  by  this  solvent. 

The  first  experiments  were  made  with  silver  reduced  from 
the  nitrate  by  the  action  of  sodium  hydroxide  and  milk  sugar. 
The  silver  was  very  carefully  purified  from  any  possible  trace 
of  oxide.  Placed  in  contact  with  ammonia  for  a  few  hours, 
silver  was  taken  up.  Its  presence  could  be  recognized  either 
bv  ammonium  sulphide  or  by  adding  a  drop  or  two  of  hydro- 
chloric acid  and  then  supersaturating  with  dilute  sulphuric  acid ; 
a  dense  cloud  of  silver  chloride  forma,  and  this  result  can  be 
obtained  any  number  of  times  in  succession  by  acting  with 
ammonia  on  the  same  portion  of  silver. 

A  similar  reaction  was  obtained  with  silver  reduced  from 
chloride  by  cadmium  and  hydrochloric  acid  removing  afterwards 
all  traces  of  cadmium.  Silver  reduced  in  this  way  is  liable  to 
contain  traces  of  chloride.  These  were  removed  by  covering 
the  silver  with  strong  ammonia,  letting  it  stand  over  night  and 
thoroughly  washing  out.  This  was  repeated  five  times.  From 
this  silver,  ammonia  by  twenty-four  hours  contact  always  took 
up  enough  to  give  a  dense  white  cloud  when  treated  as  above. 

Portions  of  solutions  obtained  in  the  last  mentioned  manner 
were  evaporated  to  dryness  over  the  water  bath  and  left  brown- 
ish black  films.  These  were  non-explosive  and  therefore  did 
not  consist  of  silveramine :  they  yielded  a  large  proportion  of 
silver  to  acetic  acid,  leaving  behind  a  little  metallic  silver. 
The  ammonia  thereifore,  does  not  dissolve  the  silver  as  metal 
but  as  oxide.  The  presence  of  a  little  metallic  silver  in  the 
residue  left  by  evaporation  was  probably  due  to  slight  traces  of 
oxidable  organic  matter  contained  in  the  ammonia.  This  opin- 
ion was  confirmed  by  the  fact  that  the  solution  when  heated 
acquired  a  transparent  red  color. 

It  appears  therefore  that  in  the  presence  of  ammonia,  silver 
has  a  tendency  to  oxidize,  for  when  the  silver  was  placed  in  a 
vial  with  an  air-tight  fitting  stopper,  filling  it  about  half  full, 
and  was  then  completely  filled  with  liquid  ammonia  and  tightly 
closed,  it  was  found  that  in  twenty-four  hours  a  mere  trace  of 
silver  was  taken  up.  On  the  other  hand  when  the  silver  was 
placed  in  a  fiat  basin  and  merely  moistened  with  ammonia 
more  silver  was  taken  up  in  five  minutes  than  in  the  preceding 
case  in  twenty  four  hours. 

This  action  of  ammonia  in  promoting  oxidation  recalls  its 
behavior  with  cobaltous  salts  and  with  copper.     It  is  probably 
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the  only  case  in  .which  silver  is  oxidized  (at  ordinary  tempera- 
tures) by  atmospheric  oxygen. 

Action  of  Dilute  Sulphuric  A  cid, — It  is  generally  held  that 
silver  is  insoluble  in  cold  dilute  Bulphuric  acid.  Almost  any 
form  of  silver,  providing  it  is  finely  divided,  is  slightly  soluble 
in  sulphuric  acid  diluted  with  four  or  five  times  its  bulk  of 
water.  With  more  dilute  acid  diflFerent  varieties  of  silver  act 
very  diflEerently.  The  most  easily  attacked  is  that  which  is 
obtained  by  reducing  the  oxide  with  alkaline  hydroxide  and 
milk  sugar ;  from  this  a  distinct  trace  is  dissolved  by  sulphuric 
acid  diluted  with  100  times  its  bulk  of  water.  From  silver 
reduced  from  the  chloride  by  cadmium  this  very  dilute  acid 
takes  up  nothing. 

Nitric  a^id,  sp.  gr.  1*40,  diluted  to  ten  volumes  and  allowed 
to  stand  for  an  hour  with  finely  divided  silver,  took  up  an  ex- 
tremely faint  trace. 

Hydrochloric  acid,  sp.  gr.  1*20,  was  totally  without  action. 
The  silver  after  being  well  boiled  with  water  to  remove  every 
trace  of  acid,  dissolves  completely  in  nitric  acid. 

Acetic  acid  has  no  action  upon  metallic  silver. 

Various  Reactions  of  Normal  Silver, 

Normal  metallic  silver  even  in  a  state  of  very  fine  division 
does  not  abstract  the  slightest  trace  of  nitric  acid  from  perfectly 
neutral  cupric  nitrate  obtained  by  acting  on  pure  cupric  sul- 
phate with  barium  nitrate.  After  fifteen  hours  of  contact  not 
a  trace  of  silver  had  been  dissolved. 

But  silver  easily  reduces  cupric  chloride  with  formation  of 
purple  photochloride.  If  the  copper  salt  is  present  in  slight 
excess  the  silver  is  so  thoroughly  acted  upon  that  nitric  acid 
does  not  extract  a  trace  of  it  from  the  purple  photochloride. 

Metallic  mercury  instantly  reduces  silver  nitrate  but  metallic 
silver  takes  chlorine  from  corrosive  sublimate.  The  precipi- 
tate contains  calomel  and  blackens  with  ammonia. 

Silver  in  fine  division  slowly  reduces  a  neutral  solution  of 
potassium  permanganate. 

Silver  nitrate,  as  is  well  known,  is  reduced  by  ferrous  sul- 
phate, or  ammonia  ferrous  sulphate,  the  iron  at  the  same  time 
becoming  peroxidized  and  the  silver  assuming  the  gray  metallic 
form.  On  the  other  hand  silver  powder  rapidly  reduces  a  neu- 
tral solution  of  ferric  sulphate.  A  solution  of  iron  alum 
readily  dissolves  metallic  silver  without  the  aid  of  heat  ;*  in  a 
few  seconds  the  solution  strikes  a  blue  color  with  potassium 

*  The  statement  in  the  new  Encyclop^die  Ohimique  that  heat  is  required  and 
that  the  metal  separates  again  on  coolmg  (Tome  iii,  cahier  15,  p.  248)  appears  to 
be  incorrect. 
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ferricyanide  and  if  the  iron  alum  is  in  excess  the  whole  of  the 
silver  is  dissolved.  It  has  been  before  noticed  that  the  reac- 
tions between  silver  salts  on  the  one  hand  and  iron  salts  on  the 
other  are  to  some  extent  reversible,  the  observations  Inst 
described  place  the  matter  in  a  somewhat  clearer  light.  With 
a  view  of  ascertaining  whether  ferrous  sulphate  could  be  com- 
pletely oxidized  by  argentic  oxide  a  portion  of  the  ferrous  solu- 
tion was  treated  with  successive  portions  of  the  oxide  until  the 
latter  was  no  longer  affected  by  it.  But  when  this  stage  was 
reached  the  solution  no  longer  contained  a  trace  of  iron,  the 
whole  of  it  had  entered  into  combination  with  the  silver. 
This  combination  is  perfectly  black  and  may  probably  have  con- 
sisted of  the  compound  described  by  H.  Rose,  as  Ag^O,  2FeO 
Fe^O,  and  obtained  in  the  same  wav. 

When  ammonia  iron  alum  is  placed  in  contact  with  finely 
divided  silver  in  considerable  excess  in  a  tightly  closed  vial 
the  solution  after  a  few  days  standing  with  frequent  shaking 
acquires  a  deep  red  color.  This  may  last  for  a  week  or  more. 
The  solution  then  decolorizes  and  becomes  greenish  but  still 
contains  abundance  of  ferric  salt.  Thus  it  appears  that  although 
silver  has  a  powerful  reducing  action  on  ferric  salts  the  action 
is  self-limited  and  ceases  long  before  complete  reduction  is 
effected  for  after  many  weeks  contact  in  a  closed  vial  there  are 
abundant  indications  of  the  presence  of  ferric  salt,  although 
silver  has  been  present  in  large  excess. 


Art.  LVIl. — Notes  on  Silver  Chlorides ;.  by  M.  Carey  Lea. 

Experiments  made  by  J.  J.  Acworth*  at  the  suggestion  of 
E.  Wiedeman  showed  that  by  heating  silver  chloride  to  a  tem- 
perature of  220°  C.  it  passes  into  a  modification  that  was 
insensitive  to  light. 

I  think  this  change  may  be  due  to  the  complete  driving  off 
of  moisture.  Abney  showed  by  a  well-known  experiment  that 
silver  chloride  when  exposed  perfectly  dry  in  vacuo  in  a  glass 
tube  was  totally  unaffected  by  light,  but  1  have  shown  that 
fused  silver  chloride  poured  into  petroleum  and  placed  in  the 
sun-light  without  removing  it  from  the  liquid,  was  instantly 
darkened. 

These  three  experiments  taken  together  lead  to  the  following 
conclusions : 

1.  Silver  chloride  dry  and  perfectly  isolated  is  insensitive  to 
light.     (Abney's  experiment.) 

*Wied.  Referate,  1890,  p.  518. 
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2.  The  presence  of  atmosplieric  air  does  not  restore  the 
sensitiveness,  if  the  silver  chloride  has  been  absolutely  dehy- 
drated at  220°  C.     (Acworth's  experiment.) 

3.  The  presence  of  oxygen  is  not  necessary  or  important  for 
the  darkening  of  silver  chloride.  The  presence  of  moisture  is 
not  essential ;  its  place  may  be  taken  by  another  substance 
capable  of  taking  up  chlorine.  This  follows  from  my  experi- 
ment above  mentioned. 

There  is  no  doubt  that  silver  chloride  retains  the  last  portion 
of  water  with  great  obstinacy.  I  have  frequently  tried  to  dry 
silver  chloride  in  hot  air  so  that  it  should  lose  nothing  further 
by  fusion,  but  never  (^uite  succeeded.  There  is  always  a  loss 
which  may  be  roughly  taken  at  a  half  a  milligram  and  from 
thence  upwards  to  nearly  one  milligram,  in  a  gram.  When 
the  water  is  thoroughly  driven  off  it  is  probable  that  the  sil- 
ver chloride  is  left  in  an  insensitive  condition.  Acworth's 
experiments  seem  to  show  this. 

So  long  as  moisture  is  present  the  molecule  of  silver  chloride 
easily  breaks  up,  not  merely  by  the  action  of  light  but  by  the 
application  of  any  form  of  energy.  The  part  played  by 
moisture  in  chlorine  reactions  is  somewhat  remarkable.  It  has 
been  lately  stated  that  absolutely  dry  chlorine  has  no  action 
upon  copper  foil.  As  soon  as  a  trace  pf  moisture  is  introduced, 
energetic  action  sets  in. 


Akt.  LVIII. — A  remarkable  Fauna  at  the  Base  of  the  Bvat- 
lington  Limestone  in  Northeastern  Missouri  /*  by  Charles 
RoLLiN  Keyes. 

In  the  description  of  a  certain  gasteropod  {Porcellia  nodosa 
Hall),  in  the  third  volume  of  the  Illinois  Geological  Surveyf 
occurs  the  following  paragraph,  in  connection  with  the 
assigned  horizon  and  locality  :  "  Lower  Carboniferous  ;  Barry, 
Pike  county,  Illinois ;  from  a  peculiar  cherty,  calcareous  band 
at  the  base  of  the  Burlington  limestone,  formerly  supposed  to 
belong  to  that  rock,  but  now  known  to  contain  fossils  charac- 
terizing the  oolitic  upper  bed  of  the  Kinderhook  group,  at 
Burlington,  Iowa." 

This  allusion  though  merely  incidental  is  the  only  direct 
one  ever  known  to  be  made  to  the  particular  beds  now  under 
consideration. 

♦  Published  by  permission  of  Mr.  Arthur  Winslow,  Director  of  the  Geological 
Survey  of  Misaouri.  from  work  prosecuted  during  the  years  1891-92. 
fGeol.  Surv.  Illinois,  vol.  iii,  p.  459.  (1868). 

Am.  Jour.  Sci.— Third  Series,  Vol.  XLIV,  No.  264. — December,  1892. 
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At  Louisiana,  in  Pike  County,  Missouri,  which  is  separated 
from  Pike  County,  Illinois,  only  by  the  Mississippi  River,  the 
"  white  chert "  beds  are  much  better  developed  than  any 
where  else  in  the  region.  It  is  from  the  Missouri  locality  that 
the  recent  collections  have  been  made.  Here  the  Burlington 
limestone  is  well  exposed  in  the  hilltops,  where  extensive 
quarries  have  been  opened. 

For  more  than  70  miles,  from  above  Quincy  to  below 
Louisiana,  the  Burlington  limestone  forms  an  almost  contin- 
uous mural  escarpment  capping  the  high  bluffs  on  either  side 
of  the  Mississippi  Eiver.  These  bluffs  rise  to  a  height  of 
from  300  to  400  feet  above  the  water  level.  In  many  places 
they  form  bold,  overhanging  cliffs,  with  a  heavy  talus  at  the 
base. 

A  vertical  section  of  the  rocks  at  Louisiana  is  as  follows : 

Feet. 
16.  Brown  and  white,  compact,  encrinital  limestone, 

thinly  bedded,  with  some  chert 76 

15.  White,  encrinital  limestone,  very  heavily  bedded,  12 
14.  Coarse-grained,  encrinital  limestone,  with  irregu- 
lar chert  bands 20 

13.  Very  heavily  bedded,  white  encrinital  limestone, 
with    a   peculiar  white   chert   in  nodules   and 

irregular  bands _._   11 

12.  Brown,  encrinital  limestone,  compact  and  heavily 

bedded,  somewhat  earthy  in  places 15 

11.  Compact,  fine-grained,  buff  limestone,  with  few 

or  no  partings 15 

10.  Sandy   shales,    brownish,   forming   soft,   friable 

sandstone  locally 12 

9.  Greenish,  clayey  shales 70 

8.  Thin-bedded,  compact  limestone,  fine-grained, 
with  conchoidal  fracture,  in  layers  4  to  6  inches 
in  thickness,  like  lithographic  stone  in  texture 

and  appearance 50 

7.  Sandy  clay-shale. 3  inches. 

6.  Drab  or  greenish  clayey  shale 2 

5.  Black,  fissile  clay-shale 4 

4.  Buff,  magncsian  limestone,  very  heavily  bedded.   10 

3.  Compact,  white  oolite 5 

2.  Blue  clay-shale,  with  thin  bands  of  impure  lime- 
stone rich  in  fossils 60 

1.  Heavily  bedded  limestone,  exposed 5 

Number  1  is  the  Trenton  limestone ;  2  the  Hudson  River 
shales.  3  and  4  probably  represent  the  Niagara  limestone ;  the 
first  increasing  rapidly  in  thickness  southward  and  in  a  dis- 
tance of  20  miles  reaches  a  vertical  measurement  of  30  to  40 
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feet.  5  and  6  are  probably  Devonian,  equivalent  to  the 
"  black  shale  "  of  adjoining  States.  Number  7  is  a  thin  seam 
2  to  4  inches  in  thickness  and  highly  fossiliferous.  With  few 
exceptions  the  ''  Lithographic "  fossils  come  from  this  layer. 
It  probably  belongs  more  properly  with  beds  5  to  6.  Appar- 
ently the  organic  remains  are  nearly  all  identical  with  forms 
from  the  Hamilton  rocks  farther  northward.  Should  the 
union  of  this  thin,  highly  fossiliferous  seam  to  the  underlying 
shales  be  more  in  harmony  with  the  real  relation  of  the  faunas 
of  the  respective  beds,  as  now  seems  likely,  than  with  the 
faunas  above,  it  would  remove  to  a  great  extent  the  present 
Devonian  facies  from  the  Lithographic  (Louisiana)  limestone. 
8  is  the  Louisiana  limestone,  a  compact  rather  thinly  bedded 
rpck,  breaking  with  a  conchoidal  fracture.  It  is  very  poor  in 
fossils.  Numoers  9  and  10  are  the  Hannibal  shales.  11,  the 
Chouteau  limestone,  with  a  few  fossils.  Number  12  is  the 
Burlington  limestone  with  the  characteristic  basal  fauna  of 
the  Burlington.  13  is  also  the  lower  Burlington,  carrying  con- 
siderable chert  and  containing  the  most  prolific  fauna  in  the 
section.  14, 15  and  16  belong  to  the  Burlington  limestone  ;  the 
upper  portion  containing  the  typical  fauna  distinctive  of  the 
upper  division. 

From  Quincy  southward  the  strata  rise  very  gradually, 
until  the  Burlington  limestone,  which  appears  a  lew  yards 
above  the  water  level  at  that  place,  has  an  elevation  of  more 
than  250  feet  above  the  river,  at  Louisiana.  Below  the  lime- 
stone as  will  be  seen  from  reference  to  the  section,  the  beds 
are  principally  soft  shales,  which  are  eroded  much  faster  than 
the  great  thickness  of  heavy,  compact  lime-rock  overlying. 
High  hills  with  precipitous  slopes  are  formed.  These  are 
capped  by  the  more  indurated  layers,  rising  in  almost  vertical 
walls  from  about  midway  up  the  elevations.  In  consequence 
of  this,  a  peculiar  and  very  striking  phase  of  topography  is 
produced,  reminding  one  very  forcibly  of  the  topographical 
effects  in  a  great  driftless  area  of  northeastern  Iowa  and  the 
adjoining  States. 

North  of  Quincy,  as  already  stated,  the  Burlington  rock 
dips  below  the  water  level  of  the  Mississippi  and  does  not 
appear  again  until  just  above  Ft.  Madison,  in  Iowa,  while  at 
the  city  of  Burlington  the  base  of  the  limestone  is  nearly  100 
feet  above  low  water-mark.  At  this  place  the  organic  remains 
have  received  more  attention  than  anywhere  else,  while  the 
vertical  ranges  of  the  different  species  have  been  determined 
with  great  accuracy.  From  this  locality,  also,  the  extensive 
faunas  of  the  Kinderhook  were  first  made  known,  and  many 
species  described. 

A  third  of  a  century  has  passed  since  the  investigations  of 
Hall,  White,  and  Winchell  brought  to  light  so  many  interest- 
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ing  forms  which  characterize  the  beda  immediately  below  the 
Burlington  limestone.  At  Burlington,  too,  the  Kinderhook 
and  Burlington  formations  are  sharply  contrasted  lithologically ; 
while  faunally  the  two  horizons  are  equally  well  defined. 

Passing  southward  one  hundred  miles,  to  Louisiana,  Mis- 
souri, the  same  lithological  and  faunal  features  are  found  as  at 
Burlington.  These  characters  are  shown  for  50  miles  along 
the  great  river  in  this  vicinity. 

In  the  lower  bed  of  the  Burlington  limestone  (Number  12 
of  the  section)  is  found  the  typical  and  well  marked  basal  fauna 
of  this  formation.  Many  of  the  species,  however,  have  a 
somewhat  greater  vertical  range  than  at  the  Iowa  localities. 

Among  the  most  characteristic  species  of  Crinoids  to  be 
mentioned  are : 

Orophocrinits  steWformis  (Owen  &  Shumard). 
Cryptohlastus  melo  (Owen  &  Shumard). 
Granatocrhnts  projectus  (Meek  &  Worthen). 
Rhodocrintts  Wachsmuthi  Hall. 
Rhodocrinus  Wortheni  Hall. 
Affciricocrmvs  brevis  (Hall). 
Dorycrinua  unicornis  (Owen  &  Shumard). 
Dorycrinus  subaculeatus  (Hall). 
Batocrinus  aequalis  Hall). 
Batocri7ius  loitgirostris  (Hall). 
Batocrifius  elegans  (Hall). 
Actinocrinns  proboscidialis  Hall. 
Actinocrimis  tennisculptus  McChesuey. 
Physetocrinus  or  n  at  us  (Hall). 
Stef/a7iocri?it/s  sculptus  (Hall). 
Steganocriniis  arayieolns  Meek  &  Worthen. 
Platycrinus  Arnericanus  Owen  &  Shumard. 
Platycri7ius  Burl  i7ig  ton  en  sis  Owen  &  Shumard. 
Platycrinus  dlscoideus  Owen  &  Shumard. 
Platycrinus  aubspinosus  Hall. 

The  fauna  of  this  bed  (about  15  feet  in  thickness)  is  pri- 
marily a  crinoidal  one.  The  above  mentioned  forms  are  some 
of  the  most  important  marking  the  limited  horizon.  Many 
other  crinoids  as  well  as  brachiopods,  corals,  gasteropods,  etc., 
are  mingled  ;  but  they  range  upward  into  other  layers  more  or 
less  extensively. 

Above  the  basal  bed  is  a  slightly  thicker  member,  of  an 
intensely  white  color  (number  13  of  the  section).  It  is  chiefly 
encrinital  like  the  other,  but  in  addition  contains  a  larger 
amount  of  comminuted  shell  material  derived  from  molluscan 
remains.  In  places  the  shell  fragments  predominate,  forming 
a  fine  shell  breccia  not  unlike  the  well  known  coquina  rock  oi 
Florida ;  but  it  is,  however,  so  compact  that  good  specimens 
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of  fossils  are  almost  impossible  to  dislodge.  The  layers  of  this 
bed  contain  also  considerable  amounts  of  chert  in  small  nodules 
and  nodular  bands.  When  first  exposed  in  quarrying  these 
cherts  are  very  compact,  translucent,  and  breaking  with  a  con- 
choidal  fracture.  Upon  exposure  to  the  weather  these  flints 
quickly  slacken  like  quick-lime  to  a  fine  intensely  white  powder. 
If  examined  before  the  process  of  disintegration  has  proceded 
more  than  half  way  the  white  nodules  are  found  to  be  charged 
with  fossils,  which  when  taken  out  cannot  be  told  from  plaster- 
of-paris  casts.  Before  affected  by  the  atmospheric  agencies, 
few  or  no  traces  of  organic  remains  can  be  detected  in  the  cherts. 
But  they  actually  contain  a  very  extensive  assemblage  of  fos- 
sils ;  and  in  a  perfect  state  of  preservation  when  collected  at 
the  right  time.  They  afford  unusual  opportunities  for  both 
Btinictural  and  systematic  studies;  for  many  of  the  features 
commonly  not  met  with  are  here  found  beautifully  preserved  ; 
such  as  the  internal  characters  of  crinoids  and  bracniopods,  and 
the  delicate  ornamentation  in  nearly  all  groups. 

Upon  careful  comparison  of  the  fossils  in  the  cherts  and  in 
the  surrounding  limestones,  so  far  as  is  possible  in  the  latter, 
the  fossils  are  found  to  be  identical  to  a  great  extent.  More- 
over, numerous  shells  and  crinoids  are  found  partly  embedded 
in  the  chert  and  partly  in  the  limestone,  with  a  sharp  line  of 
separation,  showing  clearly  that  the  siliceous  impregnation  had 
been  acquired  long  after  the  original  deposition  of  the  beds, 
and  was  not  due  to  a  greater  silicity  of  waters  in  which  the 
calcareous  deposits  were  made.  This  is  in  accordance  with 
observations  made  elsewhere  in  the  Burlington  limestone  of 
other  localities. 

The  faunal  aspects  of  the  bed  in  question  (number  13  of  the 
section)  are  particularly  interesting.  Some  of  the  more  com- 
mon as  well  as  more  important  species  are  enumerated  below ; 

Lingula  melie  Hall. 

Discina  Newberry i  Hall. 

Terehratula  Rotoleyi  Worth  en. 

Producius  arcuatus  Hall. 

Ftoductus  IcBv least U8  White. 

Productella  Shumardiana  (Hall). 

Rhynchonella  Misso uriensis  S h u ra ard . 

Spirifera  peculiaris  Shumard. 

Strophomena  rhomboidalis  var, 

Allorisma  Haimihalensis  Shumard. 

Edmondia  nuptialis  Winchell. 

Edmondia  Burlingtonensis  White  &  Whitfield. 

Conochardiuin  sp.f 

Lithophagus  occidentalis  (White  <fc  Whitfield.) 

Aviculopecten  circulus  Shumard. 
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Phanerotijiua  paradoxus  Winchell. 

Capulus  paralius  (White  &  Whitfield). 

Capulns  formosus  (Key es) . 

Porcellia  nodosus  Hall. 

Loxonema prolixa  White  &  Whitfield. 

Loxonema  sp.f 

Spherodoma penguis  (Winchell). 

Pleurotomaria  apj 

Holopea  siibconica  Winchell. 

Murchisonia  sp.f 

Bellerophon  hilahiatus  White  &  Whitfield. 

Straparollus  ammon  (White  &  Whitfield). 

StraparoUus  luxus  ?  (White). 

Omphalotrochus  SpringvallensU  (White). 

The  forms  in  the  accompanying  list  are  all  species  which 
characterize  the  Kinderhook  of  Burlington,  Iowa;  most  of 
them  being  originally  described  from  that  place.  In  addition 
many  more  species  of  lamellibranchs,  brachiopods  and  gastero- 
pods  occurring  very  abundantly  at  the  latter  locality  are  found 
in  the  white  chert  of  Louisiana  along  with  a  few  of  the  Bur- 
lington limestone  species. 

ft  is  to  be  noted  that : 

(1)  The  fauna  of  this  horizon  is  predominantly  moUuscan, 
representing  a  marked  contrast  with  that  of  the  typical  Bur- 
lington limestone,  which  is  prevailingly  crinoidal,  with  some 
brachiopodal  forms. 

(2)  The  fauna  is  the  typical  one  of  the  Kinderhook  beds. 

(3)  There  is  mingled  with  this  fauna  some  of  the  forms 
from  both  above  and  below,  which  are  thus  associated  with  the 
species  representing  the  typical  lower  Burlington  limestone. 

Here,  then,  is  a  well  denned  Kinderhook  fauna  intercalated 
in  the  Burlington  limestone,  with  practically  no  change  of 
lithological  characters ;  a  lower  fauna  feuddenly  appearing  in 
the  midst  of  a  higher.  This  is  the  most  marked  instance  of 
the  kind  that  is  at  present  known  in  the  Carboniferous  of  the 
Mississippi  Valley.  Though  the  time  separation  is  not  very 
great,  the  present  case  is  a  striking  illustration  of  Barrande^s 
celebrated  "  doctrine  of  colonies,*'  so  clearly  developed  in  the 
Systeme  Silurien  du  Centre  de  la  Boheme,*  and  so  ably  de- 
fended in  his  ''  Defense  des  Colonies." 

It  is  not  to  be  inferred,  however,  that  dnring  the  short 
supremacy  of  the  lower  fauna  in  midst  of  an  upper  there  was 
a  complete  extinction  of  the  deposed  forms ;  but  rather  that 
owing  to  peculiar  conditions  the  lower  fauna  merely  displaced 
the  upper  temporarily  ;  or  pushed  it  aside  into  other  districts 
for  the  time  being. 

♦Vol.  i,  p.  73,  (1852.) 
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Abt.  LIX. — Glacial  Pot-holes  in  California;    by   H.   W. 
Turner,  of  the  United  States  Geological  Survey. 

In  the  cafion  of  the  North  Fork  of  the  Mokelumne  River, 
California,  about  thirty  miles  a  little  west  of  south  from  Lakq 
Tahoe,  and  at  an  elevation  above  sea  level  of  about  4,500  feet, 
is  a  group  of  pot-holes  in  the  granite.  The  cafion  here  was 
formerly  the  bed  of  a  glacier,  as  is  evidenced  by  the  polish  and 
grooving  of  the  rock  and  the  perched  bowlders.  The  rock 
about  is  quite  devoid  of  soil.  The  pot-holes  are  from  two  to 
four  feet  in  diameter  and  some  of  them  are  four  feet  deep. 
The  shape  of  some  of  them  is  nearly  c(»nical,  others  more 
nearly  cylindrical.  Most  of  the  pot-holes  are  eroded  vertically, 
but  some  of  them  are  inclined.  A  number  are  quite  shallow, 
but  even  these  are  broad  and  saucer-shaped.  The  granite 
flakes  off  in  shells  nearly  parallel  to  its  surface,  and  this  would 
account  for  the  broad  form  of  the  pot-holes  at  the  commence- 
ment of  their  formation. 

The  pot-holes  are  about  250  in  number  and  from  six  inches 
to  six  feet  apart.  They  seldom  or  never  coalesce  and  the 
regularity  of  their  arrangement  is  noticeable.  The  interior  of 
all  of  the  holes  is  well  rounded  and  smooth,  as  pot-holes  usaally 
are.  In  some  of  them  are  rounded  fragments  of  rocks ;  others 
are  tilled  with  sand  and  gravel.  They  cover  a  gently  inclined 
surface  of  about  two  thousand  square  feet.  To  the  north  is  a 
glaciated  bank  of  granite,  and  the  pot-holes  'occupy  about  the 
position  that  would  be  expected  if  formed  by  water  falling 
over  this  bank.  The  height  of  the  bank  above  the  pot-holes 
is  approximately  forty  feet.  One  pot-hole  exists  in  the  side  of 
this  bank  several  feet  above  its  base. 

The  river  at  the  present  time  runs  at  a  level  of  perhaps 
twenty  or  thirty  feet  below  the  lowest  pot-holes.  The  place 
is  locally  known  as  Ham's  Salt  Springs.  Salt  water  oozes  out 
from  crevices  in  the  rock  and  collects  in  several  of  the  lower 
pot-holes.  By  evaporation,  salt  (NaCl)  crystallizes  out  so  that 
the  water  is  usually  covered  with  a  thick  layer  of  very  pretty 
hopper-shaped  crystals. 

The  Indians  are  said  to  have  formerly  congregated  here, 
attracted  no  doubt  by  the  salt  spring.  Numerous  small 
arrow-heads,  chiefly  of  jasper  and  obsidian,  were  found  by  my 
party  a  little  west  of  the  pot-holes.  At  a  point  on  the  bare 
granite  below  the  pot-holes  and  very  near  the  river  are  several 
small  mortar  holes  such  as  are  used  by  the  Indians  to  grind  up 
acorns,  and  which  are  frequently  found  in  bare  rocks  in  the 
Sierra  Nevada. 
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At  the  time  of  my  visit  an  old  white  man  named  Carlton 
was  camped  there  with  som^  Indians.  He  has  been  living 
with  the  Indians  in  the  neighborhood  of  the  Mokelumne  River 
since  1851.  He  states  that  these  pot-holes  were  made  by  the 
Indians  for  the  purpose  of  collecting  the  salt  water,  in  order 
to  allow  the  salt  to  crystallize  from  it  On  questioning  him  I 
could  not  make  out  that  he  himself  had  known  of  any  such 
holes  being  excavated  by  the  Indians.  It  would  not,  however, 
be  a  very  difficult  matter  for  the  Indians  to  have  made  them. 
If  a  fire  is  built  on  the  granite  it  flakes  off  very  readily,  and 
by  repeating  this  operation  for  some  time  and  using  utensils 
in  addition,  cavities  could  be  made.  Mr.  W.  Q.  Mason,  of 
Volcano,  California,  who  guided  my  party  to  the  spot,  believea 
the  pot-holes  to  be  the  work  of  Indians. 

Plate  IX  represents  a  partial  view  of  the  pot-holes  above 
described.  The  salt  water  at  present  oozes  out  at  a  point 
which  may  be  located  in  the  plate  as  about  one-half  inch  from 
the  middle  of  the  left-hand  side.  It  therefore  runs  only  into 
some  of  the  lower  holes  not  represented  in  the  picture. 

On  a  granite  spur  just  south  of  the  po^holes  and  perhaps 
100  feet  vertically  above  them  is  a  little  lake,  partially  filled 
with  flags  and  tules.  It  has  no  outlet,  but  when  the  water 
is  high  it  can  readily  escape  at  its  west  end.  The  water  is 
brackish.  Some  salt  water  must  therefore  have  a  higher 
source  than  that  above  indicated ;  and  it  is  possible  that  salt 
water  formerly  flowed  from  crevices  at  points  above  the  pot- 
holes and  may  have  filled  more  of  them  than  it  does  at  present 

The  fact  that  few  or  none  of  the  pot-holes  coalesce  perhap 
favors  the  theory  that  they  were  made  by  the  Indians,  since  in 
nature,  pot-holes  near  one  another  frequently  coalesce.  The 
pot-hole,  above  described,  in  the  side  of  the  granite  bank  is 
evidently  the  work  of  falling  water.  It  seems  most  likely  that 
all  the  pot-holes  were  formed  by  the  action  of  water,  probably 
in  some  way  connected  with  the  glacier  that  formerly  filled 
the  caiion. 

In  this  connection  the  reader  is  referred  to  an  article  by 
T.  T.  Bouve*  who  describes  some  glacial  pot-holes  near  Cohas- 
set,  Mass.,  and  to  Brogger  and  Keuschf  who  have  studied 
those  of  Norway  where  pot-holes  are  numerous. 

It  is  interesting  to  note  that  in  Norway  they  were  at  one 
time  considered  the  work  of  the  giants  supposed  once  to  in- 
habit that  region,  and  that  in  America  they  are  ascribed  to  the 
aboriginal  Indians. 

WashipgtoD,  D.  C,  September  5,  1892. 

*  Indian  pot-holes  or  giants'  kettles  of  foreign  writers,  Proc.  Boston  Soc  Nat 
Hist,  vol.  xxiv,  pp.  218-226. 
f  Giants'  kettles  at  Christiana,  Quart.  Jour.  Geol.  Soc.,  vol.  zzx,  pp.  750-771. 
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Art.    LX. — The  Lavas  of  Mount  Ingalls^  California;   by 
H.  W.  Turner,  Washington,  D.  C. 

[By  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

Mount  Ingalls  is  situated  just  south  of  the  fortieth  parallel 
in  Plumas  county,  California.  It  forms  a  portion  of  the 
eastern  crest  of  the  Sierra  Nevada.  Its  elevation  is  8,484  feet 
above  sea  level,  according  to  the  determinations  of  the  topo- 
graphers of  the  U.  S.  Geological  Survey. 

Mount  Ingalls  was  a  center  of  volcanic  activity  during  much 
of  later  Tertiary  time.  The  lavas  which  originated  in  its 
vicinity  form  an  interesting  series.  The  followmg  rocks  are 
represented : 

I.  Late  basalt^  a  rather  coarse  gray  rock  with  much  pyrox- 
ene and  some  olivine.     It  is  usually  massive. 

II.  Andesite,  containing  both  pyroxene  and  hornblende, 
and  occurring  chiefly  as  a  breccia. 

III.  Older  basalty  a  dense  black  rock  with  little  olivine,  and 
a  good  deal  of  magnetite.     It  seems  always  massive. 

IV.  Hhyolite,  in  very  small  amount. 

The  order  of  succeesion  is  that  indicated  by  the  Roman 
numerals  with  the  exception  of  rhyolite  (IV.)  As  has  been 
previously  noted*  the  rhyolite  of  the  Sierra  Nevada  underlies 
the  andesites,  but  its  relation  to  the  older  basalt  (III)  is  un- 
determined. The  rocks  may  be  roughly  characterized  as  fol- 
lows : 

I.  Late  basalt — This  is  macroscopically  a  coarse  to  medium 
grained  light  gray  rock,  sometimes  pinkish,  with  large  scattered 
olivines.  Under  the  microscope  it  is  seen  to  be  nearly  holocrys- 
talline  and  to  be  composed  of  lath-like  plagioclase,  augite  and 
magnetite,  with  occasional  large  olivines.  One  of  the  slides 
shows  a  hypocrystalline  glassy  base  containing  abundant  grains 
of  magnetite,  with  numerous  phenocrysts  of  plagioclase  and  aug- 
ite, and  a  few  hypersthenes  and  olivines.  In  general,  however, 
very  little  glass  is  to  be  seen. 

The  late  basalt  is  the  most  recent  of  the  lavas  of  this 
portion  of  the  Sierra  Nevada.  It  forms  the  summit  and  nearly 
all  of  the  sides  of  Mount  Ingalls  down  to  and  in  places  below 
the  7,000  foot  contour.  It  rests,  to  a  large  extent,  on  andesitic 
breccia.  Similar  basalt  caps  a  number  of  the  higher  points  to 
the  south  and  southwest  of  Mount  Ingalls.  Two  of  these  are 
Mount  Jackson  and  Penman  Peak.  There  also  the  basalt  rests 
on  andesite.     The  later  basalt  is  almost  everywhere  a  massive 

*  Mohawk  Lake  Beds,  Bull.  Wash.  Phil.  Soc,  vol.  xi,  p.  389. 
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rock,  but  a  small  amount  of  basalt-breccia  and  scoriaceouB 
basalt  forms  two  points  on  the  summit  of  Mount  Ingalls,  per- 
haps remains  of  a  former  crater.  In  the  ravine  that  heads  just 
east  of  the  summit  of  Mount  Ingalls  the  basalt  is  glaciated. 
Its  age,  therefore,  antedates  that  of  the  glaciers  of  the  Sierra 
Nevada. 

II.  Andesite. — This  is  chiefly  a  breccia.  The  angular  frag- 
ments of  andesite  from  this  breccia  are  usually  coarsely  crys- 
talline and  frequently  vesicular.  The  color  is  dark  gray,  the 
feldspars  showing  as  white  spots.  Frequently  hornblende 
needles  are  macroscopically  visible. 

Under  the  microscope  the  andesite  is  composed  of  pheno- 
crysts  of  .plagioclase  and  pyroxene  and  of  occasional  horn- 
blendes in  a  groundmass  sometimes  very  glassy,  sometimes 
hypocrystalline  with  abundant  plagioclase  microlites  and 
usually  considerable  magnetite.  The  pyroxene  in  some  cases 
is  largely  augite ;  but  there  is  frequently  a  good  deal  of  hyper- 
sthene.  Sometimes  the  rock  is  nearly  holocrystalline.  In  some 
dark  compact  specimens  of  the  andesite  hypersthene  is  the 
most  abundant  bisilicate,  but  the  prevailing  type  is  the  coarser 
one  above  described,  and  usually  the  predominant  bisilicates 
are  augite  and  hornblende. 

Andesitic  breccia  forms  most  of  the  ridge  that  extends 
southeasterly  from  Mount  Ingalls.  The  same  area  continues 
to  the  north  of  Red  Clover  Valley. 

III.  Older  basalt — This  is  a  dense  black  rock  usually  show- 
ing macroscopically  no  porphyritic  constituents  except  occa- 
sional olivines.  It  is  frequently  roughly  columnar,  the  prisms 
being  small,  seldom  more  than  three  or  four  inches  in  diame- 
ter. The  rock  has  been  nowhere  seen  by  the  writer  except  in 
the  massive  form. 

Microscopically  the  rock  is  composed  of  lath  like  plagioclase 
with  more  or  less  olivine  and  some  augite  in  a  groundmass 
which  is  rendered  dark  by  the  abundant  magnetite.  The 
groundmass  sometimes  contains  considerable  glass  and  fre- 
quently specks  and  minute  prisms  of  augite.  Much  of  the 
olivine  is  altered  to  serpentine.  The  plagioclases  are  usually 
small  and  of  nearly  even  size.  One  slide,  however,  shows 
porphyritic  plagioclases  and  olivines  in  a  groundmass  of  plagi- 
ocl^e  microlites,  magnetite  and  glass. 

The  older  basalt  forms  an  area  of  several  square  miles  to 
the  east  of  Mount  Ingalls  and  west  of  Red  Clover  Valley. 
There  is  a  smaller  area  at  the  southwest  base  of  Mount  Ingalls 
east  of  Little  Grizzly  Greek,  and  also  another  just  southwest 
of  the  last  and  on  the  west  side  of  Little  Grizzly  Creek.  It  is 
the  lava  of  Walker  Plains,  in  Plumas  county,  and  of  Moore- 
ville  Ridge  and  Oroville  Table  Mountain,  and  the  Iron  Cafion 


Digitized  by  VjOOQIC 


H,  TT.  Tu7mer — La/vas  of  ML  IngaUs^  California.      457 

of  Chico  Creek  in  Batte  county.  So  far  as  I  am  aware,  this 
dense  black  older  basalt  is  found  only  in  Plumas  and  Butte 
counties.  At  numerous  points  it  rests  on  Tertiary  sediments, 
chiefly  river  gravels.  It  nas  nowhere  been  seen  by  the  writer 
overlying  or  cutting  through  other  Tertiary  lavas.  Its  rela- 
tion to  the  andesite  (II)  is  very  evident  about  four  miles  east- 
southeast  of  Mount  Ingalls  on  the  ridge  to  the  east  of  the 
road  from  Red  Clover  valley  to  Genesee  Valley.  Here  a 
nearly  horizontal  bluff  of  andesite  above  five  hundred  feet 
vertically  above  the  road  may  be  seen  resting  on  the  older 
basalt  (III).  A  vertical  section  here  would  be  approximately 
as  follows : 

1.  Andesitic  breccia,  thirty  feet  in  thickness.  This  is  made 
up  of  angular  fragments  of  andesite  cemented  by  volcanic  ash. 
It  shows  no  evidence  of  stratification.  A  little  to  the  east  of 
the  blnflf,  lying  on  this  breccia  and  presumably  weathered 
from  it,  were  found  fragments  of  silicihed  wood. 

2.  Fine  even-grained  andesitic  tuff,  one  to  four  feet  thick. 
The  tuff  layer  is  approximately  horizontal.  It  is  made  up  of 
minute  fragments  of  plagioclase,  augite,  bypersthene,  green 
hornblende,  and  apparently  some  quartz,  with  opaque  and  dis- 
colored particles.  It  is  very  plainly  fragmental.  It  contains 
also  fragments  of  plant  stems. 

3.  Andesitic  conglomerate,  fifteen  feet  thick.  Immediately 
under  the  tuff  and  plainly  resting  on  the  older  basalt  is  a  vol- 
canic conglomerate  containing  some  fragments  of  the  older 
basalt  as  well  as  granite  pebbles  but  chiefly  made  up  of  peb- 
bles and  fragments  of  andesite. 

4.  Older  basalt,  five  hundred  feet  thick.  This  reaches  from 
the  bluff  of  the  above  fragmental  materials  1,  2,  and  3,  down 
to  Red  Clover  Creek  below,  a  vertical  distance  of  about  five 
hundred  feet. 

To  the  observer  it  is  very  manifest  at  this  locality  that  the 
above  series  of  volcanic  fragmental  rocks  are  of  later  date 
than  the  underlying  basalt.  The  great  thickness  and  extent 
of  the  basalt  and  the  thinness  of  the  overlying  andesite  ren- 
ders it  extremely  unlikely  that  it  is  an  intruded  sheet.  More- 
over, the  same  superposition  of  the  andesite  on  the  older 
basalt  may  be  noted  at  other  points,  as  for  example,  at  the 
southwest  base  of  Mount  Ingalls,  at  Iron  CafLon  in  Butte 
county,  and  on  the  ridges  to  the  north  and  south  of  Onion 
Yalley  Creek,  in  Plumas  county.  It  is  most  probable  that  a 
period  of  erosion  occurred  between  the  time  of  the  older  basalt 
nows  and  that  of  the  andesitic  eruptions. 

IV.  BhyoLite. — A  small  area  of  this  rock  was  noted  four 
miles  to  the  southeast  of  Mount  Ingalls,  to  the  west  of  Red 
Clover  Valley.      The    exposure  is    surrounded   by  andesitic 
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breccia.  Wherever  in  the  Sierra  Nevada  its  relation  to  the 
andesite  is  evident,  it  is  the  older  rock.  The  relative  age  of 
the  rhyolite  and  the  older  basalt  has  not  been  made  out.  I 
have  nowhere  seen  them  in  juxtaposition. 

It  is  expected  that  the  above  rocks  will  be  studied  in  more 
detail  later,  with  the  aid  of  chemical  analyses,  so  that  their 
exact  position  in  the  series  of  Tertiary  lavas  may  be  deter- 
mined. The  subjeo.t  is  of  especial  interest  in  relation  to 
Richthofen's  law  of  succession  of  volcanic  rocks,  to  which 
this  formd  an  apparent  exception. 

The  subject  of  the  succession  of  the  igneous  rocks  of  the 
Great  Basin  has  been  considered  in  detail  by  Hague  in  the 
forthcoming  monograph  of  the  U.  S.  Geological  Survey  on 
the  Eureka  District,  Nevada,  and  by  Iddings*  who  states  that 
igneous  rocks  of  a  mean  composition  are  usually  followed  by 
both  highly  basic  and  highly  acid  types. 

The  Tertiary  lavas  of  Mount  Ingalls  rest  on  a  base  of  much 
older  rocks,  schists,  metamorphic  tuflPs  and  granite.  The  latter 
rock  is  of  igneous  origin,  as  is  shown  by  the  inclusions  in  it  of 
the  older  clastic  rocks  which  are  here  in  part  at  least,  of  Car- 
boniferous age.  These  inclusions  are  numerous  at  a  point  on 
the  southwest  slope  of  the  mountain,  three  miles  from  the 
summit. 


Since  writing  the  above,  the  following  analyses  have 
obtained : 

Older  basalt  Late  basalt 

(No.  276.)  (No.  311.) 

SiO, 50-66  53-91 

TiO, 1-71  -52 

A1,0, 14-71  17-95 

Fe,0, 3-54  2-21 

FeO 8-90  4-80 

MnO -13  -10 

CaO   7-68  10-40 

SrO trace  ?  trace. 

BaO   -25  -05 

MgO 407  5-62 

K,0 2-10  1-34 

N,0 2-94  2-90 

LigO trace?  trace. 

H,0  at  100°  C 1-06  -20 

H,0  above  100  C 1-12  -20 

P,0 1-14  -21 


99-81 


100-31 


* "  The  Origin  of  Igneous  Rocks,"  by  J.  P.  Iddings,  Bull,  Phil.  Soc  Wash- 
ington,  vol.  xii,  pp.  89-214. 
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The  analyses  were  made  by  W.  F.  Hillebrand  of  the  U.  S. 
Geological  Survey.  It  will  be  noted  that  the  two  basalts,  so 
different  in  age  and  in  habitus,  are  quite  similar  in  composition. 
As  would  be  expected  in  the  dense  black  older  basalt  contain- 
ing a  large  amount  of  magnetite,  the  iron  contents  are  much 
greater  than  in  the  coarse-grained  gray  basalt  of  later  age. 

Washington,  D.  0.,  Sept.  9,  1892. 


Art.  LXI. — A  Method  for  the  Quantitative  Separation  of 
Bariuin  from  Strontium  hy  the  action  of  Amyl  Alcohol 
on  the  Bromides ;  by  Philip  E.  Browning. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XIX.] 

The  existing  methods  upon  which  dependence  can  be  made 
in  the  separation  of  barium  from  strontium  are  few  in  number. 
Dr.  R.  Fresenius  in  discussing  them  through  several  numbers 
of  his  journal*  concludes  that  the  only  one  which  gives  per- 
fectly reliable  results  consists  of  the  precipitation  of  the 
barium  by  a  double  treatment  with  ammonium  chromate  in 
acetic  acid  solution.  Having  demonstrated  the  possibility  of 
separating  both  barium  and  strontium  from  calcium  by  the 
dehydrating  and  appropriate  solvent  action  of  boiling  amyl 
alcohol  on  the  nitratesf  the  possibility  of  a  similar  method  of 
separation  by  the  use  of  suitable  salts  of  barium  and  strontium 
seemed  worthy  of  investigation  and  necessary  to  complete  the 
series  as  applied  to  this  group.  In  looking  about  for  suitable 
salts  upon  which  to  experiment  the  behavior  of  the  chlorides 
was  suggestive.  Barium  chloride  is  completely  insoluble  in 
amyl  alcohol  while  the  corresponding  strontium  salt  is  some- 
what soluble.  The  possibility  of  finding  strontium  bromide 
more  readily  soluble  than  the  corresponding  chloride  seemed 
worthy  of  attention.  The  method  of  preparation  followed  was 
the  treatment  of  the  precipitated  and  thoroughly  washed  car- 
bonates of  barium  and  strontium  with  hydjrobromic  acid  pre- 
pared:!: by  mixing  definite  proportions  of  potassium  bromide 
in  solutions  with  sulphuric  acid  and  water  while  hot,  filtering 
off  the  potassium  sulphate  which  separates  on  cooling,  and  re- 
distilling the  filtrate  until  the  distillate  contains  no  appreci- 
able trace  of  sulphuric  acid.  The  standards  of  the  solutions  of 
barium  and  strontium  bromides  made  in  this  way  were  deter- 
mined by  precipitating  definite  portions,  measurea  and  weighed, 
with  sulphuric  acid, — the  strontium  after  the  accepted  method 
of  adding  ethyl  alcohol  to  increase  the   insolubility  and  the 

♦Zeitschrift  fur  Anal.  Chem.,  xxix,  20,  143,  413. 

f  This  Journal,  xliii,  50,  314.  i  Proceedings  Amer.  Acad.,  zvii,  30. 
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barium  after  the  manner  suggested  by  Dr.  F.  W.  Mar,*  pre- 
cipitating with  an  excess  of  sulphuric  acid  in  the  pi'esence  of 
hydrochloric  acid.  The  mean  of  closely  agreeing  results  was 
taken  as  the  standard.  Preliminary  experiments  on  the 
bromides  formed  in  this  way  gave  encouraging  results,  the 
barium  salt  appearing  to  be  almost  comipletely  insoluble  while 
the  strontium  salt  dissolved  freely.  The  first  series  of  ex- 
periments were  directed  toward  a  quantitative  determination 
of  the  solubility  of  barium  bromide  in  the  alcohol.  Definite 
portions  of  the  standardized  solution  of  barium  bromide  were 
measured  from  a  burette  into  counterpoised  beakers  of  about 
60  cm'  capacity  and  weighed  as  a  check  on  the  burette  reading. 
This  solution  was  then  evaporated  to  dryness,  and  the  residue 
was  dissolved  in  a  few  drops  of  water  and  boiled  with  10  cm* 
of  amyl  alcohol.  The  separating  bromide  was  filtered  off  on 
an  asbestos  felt  contained  in  a  perforated  platinum  crucible, 
the  whole  having  been  previously  ignited  and  weighed.  The 
crucible  containing  the  bromide  was  at  first  dried  at  140*^- 
150°  C.  in  an  air  bath  after  the  manner  described  in  the 
previous  papers,  and  weighed.  The  unsuccessful  attempt  to 
get  a  constant  weight,  however,  proved  the  impossibility  of 
weighing  as  bromide,  the  weight  decreasing  rapidly  with  each 
successive  drying.  It  was  deemed  best  accordingly  to  dissolve 
the  bromide'  from  the  felt  into  a  beaker  placed  to  receive  it, 
and  to  precipitate  with  sulphuric  acid  in  the  presence  of  hydro- 
chloric acid,  after  the  same  manner  followed  in  the  determina- 
tions of  the  standards.  The  precipitated  sulphate,  which  in  a 
few  minutes  settles  completely,  was  filtered  off  upon  the  same 
felt  from  which  the  bromi'de  had  been  dissolved,  dried,  iffnited 
to  low  redness,  and  weighed.  Series  I  gives  the  results  of 
several  experiments  made  after  this  manner  which  show  the 
solubility  of  the  barium  salt  to  be  about  0-0013  grm.  on  the 
oxide  in  10  cm.'  of  amyl  alcohol.  The  filtrate  after  boiling 
with  amyl  alcohol  was  evaporated  and  the  residue  was  treated 
with  sulphuric  acid  and  weighed  ;  or  the  filtrate  was  precipi- 
tated directly  by  adding  sulphuric  acid,  enough  ethyl  alcohol 
being  added  to  secure  thorough  mixture.  The  amount  of  sul- 
phate found  agreed  uniformly  with  the  loss  determined  in  the 
residue  after  boiling.  A  portion  of  the  salt  which  dissolved  in 
the  alcohol  on  being  examined  before  the  spectroscope  gave 
only  the  green  bands  characteristic  of  barium. 

Series  I. 
BaO  takezL 

(I) 

(2) 
(3) 


(4) 
(5) 


BaO  taken. 

BaO  found. 

Error. 

0-1234  grm. 

0-1222  grm. 

0-0012—  grm, 

0-0824     " 

0-0809     *« 

0-0016  — 

0-0823     " 

0-0809     " 

0-0014— 

0-0818     " 

0-0803     " 

0-0015  — 

0-0733     « 

0-0720     " 
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Several  methods  of  treatment  were  followed  to  prevent  if 
possible  this  solubility,  such  as  the  addition  of  a  few  drops 
of  hydrobromic  acid  before  boiling,  of  the  same  after  the 
barium  bromide  had  separated,  of  a  few  drops  of  ethylene  di- 
bromide  or  ethyl  bromide  at  the  completion  of  the  boiling, 
of  a  few  drops  of  bromine  water  before  boiling,  etc.  The 
results  of  these  experiments  showed  these  modifications  to  be 
of  little  or  no  value. 

On  boiling  the  strontium  bromide  with  the  alcohol  slight 
spots  separated  occasionally,  which  on  the  addition  of  a  drop 
of  hydrobromic  acid  went  into  solution  and  did  not  appear  on 
re-boiling.  In  order  to  determine  the  solubility  of  the  stron- 
tium bromide  in  the  alcohol  a  saturated  solution  was  obtained 
by  boiling  an  excess  of  the  strontium  salt  with  the  alcohol,  the 
salt  in  a  measured  portion  of  10  cm"  was  precipitated  as  sul- 
phate by  the  addition  of  ethyl  alcohol,  and  sulphuric  acid,  and 
weigheA  Duplicate  determination  showed  the  solubility  to 
be  about  0  2  gram  on  the  oxide  in  10  cm'  of  the  alcohol.  The 
mode  of  procedure  for  the  separation  of  these  elements  was 
identical  with  that  already  described  in  the  case  of  barium  alone 
up  to  the  point  at  which  the  barium  was  filtered  oflE,  except,  of 
course,  the  addition  at  first  of  a  measured  and  weighed  amount 
of  a  previously  standardized  solution  of  strontium  bromide. 
The  strontium  was  precipitated  from  the  filtrate  as  sulphate  by 
dilute  sulphuric  acid,  ethyl  alcohol  being  added  to  secure 
thorough  mixture.  These  precipitates  were  generally  filtered 
off  upon  asbestos  felts,  and,  although  their  gelatinous  character 
delayed  the  filtration  somewhat,  the  drying  and  burning  of  a 
filter  paper  with  the  possible  danger  of  loss  by  reduction  in 
the  presence  of  burning  paper  was  avoided.  Series  II  gives 
the  results  of  a  single  treatment,  and  it  will  be  seen  that  there 
is  apparently  a  slight  contamination  of  the  barium  by  the 
strontium  which  where  the  latter  is  present  in  large  quantities 
balances  the  solubility  of  the  barium  (0*0013  grm.  on  the  oxide.) 
Where  the  amounts  of  strontium  taken  are  small  the  loss  of 
barium  due  to  solubility  appears.. 

Series  II. 


0) 

(2) 
(3) 
4) 
5) 
(6) 
(7) 
(8) 

M 
(10) 


BaO  taken, 
grm, 

0-1228 
0-1227 
0M224 
0-1217 
0-1216 
0-0974 
0-0971 
0-0970 
0-0411 
0-0243 


BaO  found, 
grm. 

0-1225 
0-1231 
0-1228 
0-1201 
0-1222 
0-0970 
0-0973 
0-0971 
0-0390 
0-0234 


Error, 
grm. 

0-0003  — 
0-0004 -f 
0•0004+ 
0-0016  — 
0-0006  + 
0-0004— 
0-0002  + 
0-0001  + 
0-0021  — 
0-0009  — 


SrO  taken, 
grm. 

0-1070 
0-1074 
0-1070 
0-0364 
0-0133 
0-0719 
0-0730 
0-0718 
0-0365 
0-1072 


SrO  f omid. 
grm. 

0-1065 
0-1069 
0-1067 
0-0372 
0-1124 
0-0721 
0-0727 
0-0716 
0-0385 
0-1072 


Error, 
grm. 

0-0005  — 
0-0005- 
0-0003  — 
0-0008  + 
0-0009— 
0-0002  + 
0-0003- 
0-0002  — 
00020  + 
00000 
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Series  III  gives  the  result  of  a  double  treatment.  In  this 
series  the  contaminating  effect  of  the  strontium  salt  disappears 
almost  entirely  leaving  a  deficiency  of  about  0*0025  grm.  on 
the  oxide  to  be  added  to  the  barium,  and  a  corresponding 
amount  of  sulphate  (O'OOiO  grm.)  to  be  subtracted  from  the 
strontium  sulphate  before  calculating  it  to  the  condition  of 
the  oxide.  The  manipulation  is  the  same  as  that  outlined  for 
the  single  treatment,  as  far  as  the  completion  of  the  first  boil- 
ing. At  this  point  the  amyl  alcohol  containing  most  of  the 
strontium  in  solution  was  decanted  upon  a  weighed  and  ignited 
felt  and  collected  in  a  beaker  placed  to  receive  it.  The  residue 
of  barium  with  traces  of  strontium  was  then  dissolved  in  a 
few  drops  of  water,  a  drop  of  hydrobromic  acid  was  added 
and  the  boiling  was  repeated  with  another  portion  of  10  cm' 
of  amyl  alcohol.  Upon  reaching  the  boiling  point  of  the 
alcohol  the  beaker  was  removed,  and  the  barium  salt  was  fil- 
tered upon  the  felt  through  which  the  first  portion  had  been 
decanted,  and  treated  as  before  described. 


Series  III. 

BaO  found. 

SrO  found. 

BaO  taken. 

(Corrected.) 

Error. 

SrO  takeD. 

(Corrected) 

Error. 

grm. 

grui. 

grm. 

grm. 

grm. 

gnn. 

(1) 

0-1212 

0-1219 

0-0007-1- 

0-1068 

0-1071 

0-0003  + 

(2) 

0-1216 

0-1219 

0-0004  + 

0-0358 

0-0359 

0-0001  + 

(3) 

0-1220 

0-1221 

0-000 1-f 

0-0353 

0-0347 

0-0006- 

4 

0-1212 

0-1220 

0-0008  + 

0-0363 

0-0358 

0-0005- 

(5) 

0-1219 

0-1221 

0-0002  + 

0-0361 

0-0354 

0-0007- 

(6) 

0-1211 

0-1218 

00007  + 

0-1126 

0-1116 

0-0010- 

(^) 

0-1319 

0-1319 

0-0000 

0-0577 

0-0586 

0-0009  + 

(8) 

0-0496 

0-0492 

0-0004  — 

0-0574 

0-0579 

0-0005  + 

The  method  is  rapid,  and  while  the  correction  to  be  applied 
owing  to  the  solubility  of  the  barium  salt  is  large  it  is  so 
definite  that  it  cannot  be  objectionable.  The  author  in  conclu- 
sion would  express  his  indebtedness  to  Prof.  F.  A.  Gooch  of 
the  Kent  Laboratory  for  the  many  helpful  suggestions  re- 
ceived from  him  bearing  upoi)  this  investigation. 


Art.  LXII. — A  Note  on  the  method  for  the  Qtcantitative 
Separation  of  Strontium  from.  Calcium  hy  the  action  of 
Amyl  A  Icohol  on  the  Nitrates ;  by  Philip  E.  Bbowotno. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Tale  College— XZ.] 

Kecent  work  on  my  method  for  the  quantitative  separation 
of  strontium  from  calcium  by  the  action  of  amyl  alcohol  on 
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the  nitrates*  has  demonstrated  the  possibility  of  using  very 
much  smaller  amounts  of  amyl  alcohol  in  the  boiling  than  the 
amounts  formerly  used  (30  cm'  for  each  treatment).  By  the 
use  of  smaller  beakers  (50  cm'  capacity)  10  cm'  of  the 
alcohol  can  be  conveniently  substituted  for  30  cm*,  and  the 
correction  for  solubility  of  the  strontium  nitrate  is  thus 
reduced  from  0*001  grm.  on  the  oxide  to  0*0003  grm.  in  each 
treatment,  and  the  corresponding  amount  of  sulphate  to  be 
substracted  from  the  calcium  sulpnate  before  calculating  to  the 
condition  of  oxide  is  reduced  from  0-0017  grm.  to  0-0006  grm. 
in  each  treatment.  The  necessity  of  a  double  treatment,  or 
the  use  of  two  portions  of  10  cm'  each  of  the  alcohol,  brings 
the  total  correction  to  0-0006  grm.  on  the  strontium  oxide,  and 
O'OOIO  on  the  calcium  as  sulphate.  For  ordinary  work  such  a 
correction  may  be  disregarded.  The  following  tables  give  the 
corrected  and  uncorrected  results. 


Table  I  (correction  disregarded). 

SrO  taken. 

SrO  found. 

Error. 

GaO  taken. 

CaO  found. 

Error. 

grm. 

grm. 

grm. 

grm. 

grm. 

grm. 

(1)  0-0570 

0-0565 

0-0005-. 

0-0534 

0-0540 

0-0006  + 

2)  0-0573 

0-0567 

0-0006  — 

0'0534 

0-0543 

0-0009  + 

3)  0-0285 

0-0274 

0-0011  — 

0-0272 

0-0276 

0-0004  + 

4)  0-0568 

0-0560 

0-0008— 

0-0535 

0-0537 

0-0002  + 

5)  0-0568 

0-0561 

0-0007- 

0-0533 

00535 

0  0002  + 

16)  0-0288 
'7)   0-1420 

0-0280 

0-0008  — 

0-0271 

0-0272 

0-0001  + 

0-1416 

0-0004  — 

0-0535 

0-0544 

0-0009  + 

(8)  0-1419 

(9)  0-1135 

0-1416 

0-0003  — 

00666 

0-0669 

0-0004  + 

0-1132 

0-0003- 

0-1066 

0-1070 

0-0004  + 

(10)  0-1137 

0-1126 

0-00  U — 

0-1064 

0-1070 

0-0006  + 

Table  II  (correction  applied). 

SrO  found. 

CaO  found. 

SrO  taken. 

(Corrected.) 

Error. 

CaO  taken. 

(Corrected.) 

Error. 

gnn. 

grm. 

grm. 

grm. 

grm. 

grm. 

(1)  0-0570 

0-0571 

0-0001  + 

0-0534 

0-0536 

0-0002  + 

(2)  0-0673 

0-0673 

0-0000 

0-0534 

0-0539 

0-0005  + 

(3)  0-0285 

0-0280 

0-0005  — 

0-0272 

0-0272 

0-0000 

(4)   0-0568 

0-0566 

0-0002- 

0-0585 

0-0633 

00002  — 

(5)  0-0568 

0-0567 

0-0001  — 

0-0533 

0-0531 

0-0002  — 

(6)   0-0288 

0-0286 

0-0002- 

0-0271 

0-0268 

0-0003  — 

(7)  0-1420 

0-1422 

0-0002  + 

0-0536 

0-0540 

0-0006  + 

(8)   0-1419 

0-1422 

0-0003  + 

0-0665 

0-0665 

00000 

(9)   0-1136 

0-1138 

0-0003  + 

0-1066 

0-1066 

0-0000 

(10)   0-1137 

0-1132 

0-0005  — 

0-1064 

0-1066 

0-0002  + 

*  This  Journal,  xliii,  50. 
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Art.  LXIII. — A  Study  of  the  Formation  of  the  Alloys  of 
Tin  and  Iron  with  descriptions  of  some  new  Alloys  /*  by 
William  P.  Headden. 

About  three  years  ago  I  had  occasion  to  investigate  some 
tin  buttons  obtained  in  assaying  tin  ore  by  the  potassic  cyanide 
method,  and  observed  that  the  alloy  obtained  by  oxidizing  th^ 
buttons  with  hydric  nitrate  and  treating  the  oxidized  mass 
with  potassic  hydrate  was  not  only  significant  in  quantity, 
ranging  from  one  and  a  half  to  ten  and  a  half  per  cent,  but 
varied  m  form  also,  though  obtained  under  similar  conditions 
of  charge  and  temperature.  Subsequent  investigations  con- 
vinced me  that  the  same  is  true  of  dross  obtained  by  melting 
larger  quantities  of  tin  ore  with  anthracite  dust,  lime  and 
fluor  spar  in  a  graphite  pot.  As  the  latter  method  yields 
larger  quantities  at  less  expense,  the  dross  from  such  fusions 
was  used,  as  a  rule,  in  my  investigations. 

Of  the  buttons  first  investigated,  the  first  yielded  about 
7  per  cent  of  a  non-magnetic  alloy  corresponding  to  the  for- 
mula Fe^Sn,;  the  second  yielded  a  quantity  of  magnetic 
alloy  corresponding  to  the  formula  Fe^Sn^ ;  while  the  third 
yielded  a  non-magnetic  alloy,  so  small  in  quantity,  however, 
that  no  analysis  was  attempted,  but  its  form  differed  from  that 
of  the  other  two,  and  I  had  no  reason  for  believing  it  to  be 
identical  with  either  of  them.  Its  form  was  that  of  a  six 
sided  prism  with  etched  and  pitted  basal  plane  which  was 
seldom  perfect  though  always  present.  This  was  probably 
an  imitative  form  after  an  orthorhombic  combination. 

The  results  of  the  investigation  to  which  this  led  may  be 
briefly  given  as  follows :  i.  e.  that  there  is  a  series  of  stannides 
of  iron  of  which  I  obtained  the  following  members,  FeSn„ 
Fe,Sn„  Fe,Sn„  Fe.Sn.,  Fe.Sn,  and  FeSn — and  in  addition  to 
these,  the  following,  Fe,Sn,  Fe.Sn  and  Fe.Sn. 

Some  of  these  have  been  described  before,  but  the  descrip- 
tions given  by  the  various  investigators  agree  in  assigning 
them  properties,  some  of  which  diflEer  widely  from  those 
observed  in  my  alloys.  Those  previously  described  are  FeSn,, 
Noellner;  FeSn,  Deville  and  Caron;  Fe,Sn,  Lassaigne,  and 
Fe^Sn,  Bergman.  The  first  of  these  has  more  recently  been 
studied  by  A.  C.  Oudemann,  Jr.  Noellner  says  that  FeSn,  is 
insoluble,  in  hydric  chloride.  While  Oudemann  makes  no 
definite  statement  on  this  point,  merely  stating  that  he  prefers 
to  use  hydric  nitrate  in  separating  it  from  the  excessive  tin 
leaving  it  to  be  inferred  that  he  found  it  at  least  difficultly 

*  Abstract  of  article  read  before  Colo,  Scientific  Society — Address  of  retiring 
President  for  1891. 


Digitized  by  VjOOQIC 


Tin  and  Iron  with  descriptiona  of  some  new  Alloys.     465 

soluble  in  the  hydric  salt.  Deville  and  Oaron  describe  FeSn 
as  insoluble  in  hydric  chloride  and  crystallizing  in  plates. 
The  alloys  which  I  have  obtained,  giving  these  formulas,  do 
not  agree  with  these  descriptions.  All  writers  on  these  alloys 
agree  in  giving  aqua  regia  as  the  solvent  for  them.  I  have 
uniformly  used  hydric  chloride  and  have  found  but  a  small 
amount  of  any  one  of  them  insoluble  in  this  agent,  and  the 
portion  insoluble  in  it  was  almost  as  insoluble  in  aoua  regia. 
The  description  of  forms  is  also  quite  at  variance.  This  may 
be  due  to  difference  of  interpretation  of  the  forms,  or  it  may 
indicate  that  these  alloys  vary  greatly,  both  in  form  and  prop- 
erties according  to  the  conditions  under  which  they  are  formed  ; 
my  observations  tend  to  establish  the  latter.  The  compounds 
Fe,Sn„  Fe,Sn^  and  Fe^Sn^  vary  in  their  property  of  being 
magnetic,  sometimes  being  almost  or  quite  non-magnetic,  and 
it  will  require  a  more  exhaustive  study  of  their  crystal  form 
to  establish  any  distinctive  difference  between  them  in  this 
respect;  the  habit  of  the  crystals  as  obtained  is,  it  is  true, 
somewhat  different,  but  it  is  doubtful  whether  it  is  uniform 
and  persistent  enough  to  be  relied  upon  as  distinctive.  I  have 
recognized  but  one  form  with  certainty,  a  rhombic  prism, 
which  is  the  crystal  form  of  the  alloy  FeSn,.  Though  some 
crystals  of  this  form  were  observed  which  have  not  been 
proven  to  be  this  alloy  and  this  form  mav  be  common  to 
several  alloys.  Furthermore  certain  rough  six-sided  imita- 
tive forms  have  been  observed,  which  are  not  characteristic 
of  any  one  of  at  least  three  alloya  These  facts  indicate  as 
already  suggested,  that  the  various  observations  may  not  be 
contradictory  because  made  on  material  which  is  not  perfectly 
comparable. 

Tne  members  of  this  series  are  all  brittle,  so  much  so 
that  in  the  form  in  which  they  were  obtained,  they  can 
be  rubbed  to  a  powder  between  the  thumb  and  finger ; 
they  all  bum,  readily  arid  quite  brilliantly,  when  strewn  into 
the  flame  of  a  candle  or  alcohol  lamp  with  the  formation  of  a 
dense  smoke,  and  the  emission  of  an  intense  odor  of  tin,  best 
observed  a  short  distance  above  the  flame.  This  odor  was  so 
intense  and  similar  to  that  of  arsenic  that  it  was  with  difficulty, 
and  only  after  repeated  experiments,  that  I  convinced  myself 
of  the  absence  of  this  element. 

These  alloys  require  so  high  a  temperature  to  fuse  them  that 
I  was  able  to  fuse  only  small  portions  of  them  before  the 
blowpipe,  and  that  not  very  satisfactorily ;  whether  they  suf- 
fered decomposition  thereby  was  not  evident,  but  with  soda 
on  charcoal  they  were  decomposed  with  emission  of  sparks  and 
the  separation  of  malleable  tin.  Concentrated  hydric  sulphate 
acts  upon  them  violently  with  copious  evolution  of  sulphur 
dioxide. 
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That  iron  and  tin  readily  unite  with  one  another  is  well 
known,  but  the  character  of  the  iron  and  the  temperature  are 
important  factors.  When  reduced  iron  was  used  tne  combina- 
tion ensued  quickly  and  the  solution  of  the  iron  in  the  tin  was 
perfect,  but  when  cast  iron  was  used  this  was  not  the  case ; 
out  the  presence  of  the  carbon  did  not  prevent  the  formation 
of  these  alloys. 

Whether  these  alloys  can  endure  remelting  without  decom- 
position or  not  was  not  decisively  proven,  but  the  experiments 
made  tend  to  show  that  they  can  be  melted  by  themselves  and 
kept  at  a  temperature  sufficient  to  melt  cast  iron  for  an  hour 
without  perceptible  decomposition,  and  if  melted  with  tin 
already  saturated  with  the  alloy  they  may  be  remelted  several 
times  without  material  change,  at  least  within  the  limits  of 
temperature  under  which  my  experiments  were  made.  While 
it  is  evident  from  my  experiments  that  the  frequent  remelt- 
ings  to  which  the  reguluses  were  subjected  had  at  most  only  a 
very  subordinate  influence  in  determining  the  alloy  formed, 
it  is  equally  evident  that  the  influence  of  the  ratio  of  tin  to 
iron  is  very  great ;  it  appearing  to  be  the  determinative  con- 
dition in  the  formation  of  the  series  from  FeSn  to  FeSn,,  but 
for  the  alloys  Fe,Sn,  Fe^Sn  and  Fe^Sn  it  would  seem  that  we 
will  have  to  look  for  some  other  condition  as  the  ratio  of  iron 
to  tin  alone  will  evidently  not  suffice  in  explaining  their  for- 
mation. 

It  is  probable  that  the  alloy  flrst  formed  during  the  reduc- 
tion is  not  that  with  the  highest  ratio  for  the  tin,  as  is  indi- 
cated by  the  results  of  the  investigation  of  the  buttons  from 
the  cyanid  assay  which  had  not  been  remelted  and  some  of 
them  had  been  in  the  flre  but  eight  minutes  and  still  yielded 
the  intermediate  members  of  the  series  which  according  to 
our  observations  are  formed  between  wide  limits  in  the  ratio 
of  tin  to  iron,  and  this  too  when  the  atomic  ratios  of  the  iron 
to  tin  in  the  buttons  was  such  as  to  justify  the  expectation  of 
finding  an  alloy  having  a  higher  tin  ratio.  It  is  difficult  to 
say  in  which  experiment  we  approached  most  nearly  to  the 
conditions  existing  in  the  original  mass  of-  tin  but  probably  in 
the  tii-st  in  which  the  regulus  resembled  pure  tin  but  yielded 
an  alloy  having  the  ratio  (Fe :  Sn)  1:1;  m  another  in  which 
case  the  fusion  was  effected  at  a  higher  temperature  and  con- 
tinued longer  the  alloy  had  the  ratio  of  1 :  1*25  ;  but  in  this 
case  we  had  a  small  amount  of  a  very  rich  iron  alloy  with  the 
approximate  ratio  of  9  : 1  separated  from  the  regulus  which 
might  have  had  some  influence  upon  the  ratio  of  the  alloy, 
especially  if  this  iron  alloy  is  a  product  of  the  decomposition 
of  alloys  richer  in  tin  which  already  existed  in  the  mass 
which,  however,  I  hold  to  be  doubtful.  In  still  another  the 
alloy  obtained  had  the  ratio  of  1  : 1  and  there  was  a  large  por- 
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tion  of  iron  allov  or  bottom  with  the  ratio  4 :  1  and  in  a  fourth 
one  the  alloy  had  the  ratio  of  1  : 1  though  the  bottom 
amounted  to  over  33  per  cent  of  the  weight  of  the  regulus. 
An  examination  of  the  ratios  of  the  alloys  yielded  by  the 
different  reguluses  shows  that  the  presence  of  an  iron  bottom 
does  not  necessitate  the  lowest  ratios  for  the  tin ;  for  in  such 
cases  we  have  the  ratios  100,  1*20,  1*25,  1'33,  and  1-5  nor  does 
its  absence  indicate  the  highest  ratios ;  for  in  such  cases  we 
have  the  same  ratios  as  before, — still,  in  a  general  way,  those 
reguluses  having  an  iron  bottom  yield  alloys  with  lower  ratios 
than  those  which  have  none,  but  the  difference  is  neither  de- 
cided enough,  nor  sufficiently  constant  to  justify  the  conclu- 
sion that  they  are  end-products  of  a  series  of  decompositions, 
with  successive  eliminations  of  tin  and  consequent  enrichment 
of  iron  in  the  alloy.  The  ratio  of  the  alloy  depends  upon  the 
ratio  of  the  iron  to  the  tin  in  the  mass  rather  than  upon  any 
possible  decomposition. 

Some  experiments  were  made  with  the  object  of  building 
up  the  series  from  the  lowest  to  the  highest  ratio  with  the 
following  results.  A  quantity  of  dross  containing  the  alloy 
FeSn  was  fused  with  one  and  a  fourth  times  its  weight  of 
bar  tin  and  the  principal  portion  of  the  resulting  alloy  had 
the  ratio  of  1*25  but  further  changes  also  took  place  as  indi- 
cated by  such  ratios  as  1-33  and  1-66  obtained  for  smaller  por- 
tions of  alloys.  When  the  atomic  ratio  of  the  iron  to  tin  in 
the  mixture  was  made  as  1:6  the  ratio  of  the  alloy  was 
changed  from  1 : 1  to  1 :  133  and  the  same  result  was  obtained 
when  the  tin  in  the  mixture  was  increased  so  that  the  atomic 
ratio  of  the  Fe :  Sn  was  as  1 :  18.  When  I  used  the  alloy 
Fe^Sn^  and  the  atomic  ratio  of  the  mixture  was  made  1 :  26, 
the  ratio  of  the  alloy  was  changed  from  1 :  125  to  1  :  133  ; 
the  same  result  was  obtained  by  using  the  alloy  FeSn  and 
making  the  atomic  ratio  of  the  mixture  1  :  41,  i.  e.  the  ratio 
of  the  alloy  was  raised  from  1 : 1  to  1 :  1*33  ;  using  the  same 
alloy  and  making  the  ratio  of  the  mixture  1  :  98  a  mixed 
result  was  obtained  the  ratio  was  raised  in  part  to  1*25  but 
principally  to  2  but  when  the  atomic  ratio  of  the  mixture  was 
made  1 :  124  the  ratio  of  the  alloy,  insoluble  in  hydric  nitrate 
always  understood  was  raised  from  1:1  to  1:2.  Equally 
satisfactory  results  were  obtained  when  I  used  reduced  iron 
"  FeriTim  reductum,"  instead  of  the  alloys  so  long  as  I  ob- 
served the  ratios  in  the  mixture,  showing  that  the  use  of  the 
alloy  had  no  influence  upon  the  result  of  the  reaction. 

It  is  evident  that  the  ratio  of  Fe :  Sn  in  the  mixture  has  a 
determining  influence  upon  the  resulting  alloy,  also  that  the 
limits  of  this  ratio  for  some  of  the  alloys  is  quite  wide  espe- 
cially for  the  alloys  Fe.Sn^  and  Fe.Sn^  but  it  seems  that  the 
formation  of  others  is  confined  to  narrow  limits  or  peculiar 
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conditions  as  Fe,Sn,  which  was  found  to  be  the  chief  alloy  in 
only  one  instance,  i.  e.  where  the  atomic  ratio  of  the  mixture 
was  1 :  22  and  this  is  singular ;  for  in  other  instances  where 
the  ratio  was  1 :  25  and  1 :  41  respectively  an  alloy  with  a  lower 
ratio,  i.  e.  1"33  was  obtained  and,  moreover,  1 :  22  is  the  ratio 
given  in  Watts's  Chemical  Dictionary  for  a  definite  alloy.  The 
regulus  from  which  I  obtained  this  alloy  and  having  this  ratio 
could  not  in  any  sense  be  considered  an  individual  alloy. 

I  have  not  intended  to  even  intimate  that  the  whole  of  the 
iron  in  the  reguluses  obtained  existed  in  the  form  of  alloys 
difficultlv  or  insoluble  in  hydric  nitrate ;  for  at  least  one  alloy 
soluble  m  this  agent  and  crystallizing  in  long  and  wide  but 
thin  plates  was  observed. 

The  temperature,  duration  of  fusion,  and  rate  of  cooling  are 
very  subordinate  in  their  influence  upon  the  alloys  formed 
both  in  regard  to  their  properties  and  their  distribution  through 
the  regulus. 

The  only  alloy  whose  form  could  be  definitely  made  out 
was  the  alloy  FeSn,  which  crystallizes  in  bright  shining  rhom- 
bic prisms,  being  combinations  of  001, 110,  010,  from  brownish 
black  to  black  in  color  with  metallic  luster.    * 

Another  form  is  a  six-sided  often  furrowed,  almost  always,  if 
not  always  hollow  form.  This  form  is  very  interesting  bat 
not  characteristic  as  it  is  common  to  several  compounds. 

The  terms  iron  alloy  and  iron  bottom  have  been  used  to 
desi^ate  a  hard,  gray  and  strongly  magnetic  mass  forming 
the  lower  part  of  some  of  the  reguluses  and  amounting  in  one 
case  to  rather  more  than  one  third  of  the  same  by  weight. 
My  analyses  of  these  contain  two  errors  which  being  in  oppo- 
site directions  about  neutralize  each  other,  only  one  of  them, 
however,  affects  the  ratio  of  the  iron  to  tin  when  these  are  calcu- 
lated to  one  hundred,  i.  e.  the  carbon  which  seriously  impairs 
the  value  of  the  ratios  obtained  and  it  is  no  matter  for  surprise 
that  only  one  of  the  analyses  gives  even  an  approximate  ratio; 
the  fact  that  the  material  analyzed  had  to  be  used  just  as  it 
was  taken  from  the  crucible  may  account  for  this  in  part  but 
it  is  a  question  whether  these  bottoms  are  other  than  gray  cast 
iron  alloyed  with  or  containing  varying  quantities  oi  tin. 
My  experiments  seem  to  prove  that  their  formation  does  not 
depend  upon  the  presence  of  a  large  quantity  of  iron,  i.  e.  that 
they  are  not  products  of  dissociation,  but  that  the  presence  of 
carbon  is  absolutely  necessary  to  their  formation. 

These  compounds,  which  I  have  classed  with  the  tin  com- 
pounds despite  this  degree  of  uncertainty  as  to  their  true 
nature,  demand  our  attention  and  awaken  our  interest  even  if 
they  are  related  to  cast  iron,  for  they  have  been  found  to  col- 
lect other  compounds  still,  to  be  described. 

State  School  of  Mines,  Rapid  City,  S.  D. 
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Art.  LXIV. — Notes  on  the  Camhrian  Bocks  of  Pennsylvam,ia 
and  Maryl^and^from  the  Susquehanna  to  the  Potomac  ;  by 
Charles  D.  Walcott. 

[Read  before  the  Philosophical  Society  of  Washington,  Oci.  29,  1892.] 

The  special  study  of  the  Cambrian  rocks  of  the  Southern 
Appalachians*  was  limited  during  the  past  field  season  to 
an  examination  of  some  of  the  more  important  exposures  of 
the  group  in  central  Pennsylvania  and  Maryland.  Within 
this  area  between  the  Susquehanna  and  the  Potomac  rivers 
two  points  have  been  the  subject  of  investigation  by  geolo- 
gists, and  decided  differences  of  opinion  exist  in  regard  to 
the  stratigraphy  and  the  geological  age  of  the  rocks  embraced 
within  them.  One  is  that  of  South  Mountain  as  it  occurs  in 
Franklin,  Cumberland,  York  and  Adams  counties,  in  Penn- 
sylvania. The  second  is  the  area  about  Harper's  Ferry, 
Virginia.  After  an  examination  of  the  published  literature, 
including  geological  sections  and  maps,  it  was  decided  to  begin 
work  in  York  county  on  the  Susquehanna  and  to  extend  it 
southwest  to  the  Potomac.  Prior  to  this  three  days  were 
spent  at  Mount  Holly  Springs,  in  the  northwestern  part  of 
South  Mountain,  in  a  preliminary  examination  of  the  quartz- 
ites  exposed  at  that  point.  The  discovery  of  the  lower 
Cambrian  or  Olenellus  fauna  in  a  synclinal  trough  near  the 
western  foot  of  the  mountain,  gave  an  important  datum  point 
which  was  afterwards  of  great  service  in  work  to  the  south  in 
Franklin  county. 

York  County, 
Dr.  Persifor  Frazer  considers  the  Lancaster  limestones  as 
probably  the  equivalent  of  the  Calciferous  and  Trenton  lime- 
stones of  the  liew  York  series,  and  mentions  that  the  York 
limestone  is  a  slender  offshoot.f  The  Hellam  quartzite  of 
York  is  called  the  ^'  Chikis "  quartzite,  and  is  described  as  a 
basal  formation  upon  which  a  series  of  schists  occur  that  to 
the  south  "  are,  at  all  events,  those  elates  in  which  the  iron 
ores  of  Lancaster  and  York  are  invariably  found,  the  transition 
series  between  the  Primal  and  Auroral.''^  Professor  Lesley 
describes  in  his  final  report§  the  "Chiques"  sandstone  as  the 
same  formation  as  the  Hellam  quartzite  of  York  county  (as 

*  Notes  on  the  Cambrian  rocks  of  Virginia  and  the  Southern  Appalachians, 
this  Journal,  vol.  xliv,  1892,  pp.  62-57. 

f  2d  Geol.  Survey  of  Penn.  Report  of  Progress  in  1877.  Geology  of  Lan- 
caster County,  1880,  p.  4.  J  Loc.  cit,  p.  7. 

§  GJeol.  Survey  of  Penn.  Summary  Description  of  the  Geology  of  Penn  ,  vol.  i, 
1892,  p.  165. 
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named  by  Frazer)  and  equivalent  to  the  upper  Cambrian 
quartzite  of  Walcott.  He  prefers  to  usd  tne  older  name 
^'Chiques"  for  these  sandstones,  stating  that  it  is  best  to  get 
rid  01  the  old  name  "Potsdam"  sandstone,  as  there  does  not 
seem  to  be  any  satisfactory  evidence  that  the  proper  Potsdam 
sandstones  of  the  Canada  line  and  Lake  Champlain  extended 
as  far  south  as  southern  Pennsylvania.  He  says  that  the  sec- 
tion at  "  Chiques  Kock  "  is  not  quite  comprehensible  at  one  or 
two  points.  I  found  that  it  was  so  complicated  by  thrust 
faulting  that  it  is  not  a  typical  section.  It  exposes,  however^ 
the  lowest  of  the  Cambrian  rocks  now  known  to  me  in  central 
Pennsylvania.  The  "  Chiques  Eock  "  proper,  near  Chiques,  is 
the  Scolithus  quartzite,  and  is  in  an  unbroken  section  at  the 
summit  of  the  series  of  the  quartzites  and  slates  of  the  Chiques 
section  although  now  apparently  at  the  base  of  the  section. 
The  quartzites  to  the  south,  between  "  Chiques  Rock  "  and  the 
limestones  at  Columbia,  are  older  and  have  been  raised  up 
from  beneath  and  thrust  over  on  the  Scolithus  quartzite  at 
"  Chiques  Kock."  This  is  determined  by  the  succession  shown 
in  the  section  exposed  on  the  flanks  of  South  Mountain,  in 
Franklin  county  west  of  Monterey,  reference  to  which  is  made 
in  the  notes  on  the  geology  of  South  Mountain.  In  relation  to 
the  stratigraphic  position  of  the  slates,  etc.,  beneath  the  Lan- 
caster limestone,  I  will  quote  the  statement  of  Professor 
Lesley,  "The  geographical  proof  that  the  slates  overlie  the 
quartzite  is  complete ;  and  establishes  the  correctness  of  Pro- 
fessor Rogers'  Upper  Primal  slate  formation.  The  geological 
evidence  is  equally  conclusive ;  for  the  general  dip  in  the 
Chiques  rock  is  southward,  under  the  slates;  and  of  the  slates 
southward  under  the  limestone."* 

The  continuation  of  "Chiques  Rock"  to  the  westward,  in 
York  county,  forms  the  Hellam  hills  f  and  shows  a  broad  anti- 
clinal of  quartzite  surrounded  by  schists.  Numerous  sections 
along  the  southern  and  western  sides  of  the  Hellam  hills  show 
that  the  quartzites  pass  beneath  a  series  of  shales,  slates,  sandy 
and  calcareous  layers  that,  in  turn,  pass  beneath  the  limestones 
of  the  valley. 

It  was  my  good  fortune  to  have  the  acquaintance  of 
Prof.  A.  Wanner,  superintendent  of  public  schools  at  York. 
He  volunteered  to  be  my  guide  to  localities  where  there 
were  good  exposures  of  the  quartzites,  .schists  and*limestone8» 
and  he  gave  me  valuable  assistance.  A  reconnaissance  was 
first  made  of  the  section  at  "  Chiques  Rock  "  south  to  Colum- 

♦Loc.  cit,  p.  172. 

f  I  .did  not  learn  of  any  local  name  for  this  ridge  of  hills  when  in  York  oottnty. 
and  as  most  of  the  ridg^  is  within  the  township  of  Hellam  I  shall  speak  of  Uiem 
as  the  Hellam  hills. 
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bia,  and  then  on  the  western  side  of  the  river  from  Wrightsville 
north  to  the  quartzites.  On  the  western  side  of  the  river  the 
section  appeared  to  be  unbroken  from  the  Hellam  hills  to 
Wrightsville,  and  to  be  as  represented  by  Dr.  Frazer*  in  his 
section  along  the  right  bank  of  the  Susquehanna.  In  this  the 
succession  is  from  a  quartzite  (I)  to  shales  (2)  and  to  limestone 
(3),  the  latter  in  Wrightsville,  at  the  Columbia  bridge;  the 
sandy  shales  and  argillites  (2)  pass  conformably  beneath  the 
massive  limestone  (3)  which  forms  a  deep  synclinal  fold  before 
being  cut  off  to  the  south  by  a  fault. 

The  second  section  examined  was  No.  2  of  Dr.  Frazer's, 
extending  from  Emigsville  south  through  Red  Lyon  station.f 
In  the  description  of  this  section  f  he  refers  the  sandstone  in 
the  railroad  cut  just  north  of  Emigsville  to  the  Triassic  New 
Red  sandstone.  At  the  northern  end  of  the  cut  he  noted  a 
line-drained  sandstone,  dipping  15°  west,  north  52  degrees. 
To  the  southward  of  this  he  describes  a  calcareous,  sandy,  pink 
shale,  dipping  south  5°,  east  20°.  This  is  subjacent  to  27  feet 
of  blue,  finely  laminated  limestone,  with  white  streaks,  upon 
which  rests  a  red  bed  of  calcareous  conglomerate  two  feet  thick  : 
this  in  turn  is  subjacent  to  a  belt  of  reddish  shaly  sandstone, 
nine  feet  in  thickness,  which  is  capped  by  156  feet  of  arena- 
ceous shales  of  a  somewhat  flaggy  character. 

He  says :  **  There  would  seem  to  be,  therefore,  an  anticlinal 
in  the  Triassic  measures — the  only  instance  of  one  recorded 
within  the  limits  of  this  district.  The  contact  line  of  lime- 
stone and  Mesozoic  sandstone  lies  within  or  just  north  of  the 
town  of  Emigsville.  The  first  recorded  dip  in  the  older  for- 
mation when  projected  upon  the  line  of  section  is  2,160  feet, 
or  a  little  more  than  a  third  of  a  mile  from  the  last  din."§  I 
mention  the  details  of  Dr.  Frazer's  section  as  it  is  tne  one 
which  led  me  to  the  determination  of  the  stratigraphic  position 
in  the  geologic  series  of  the  Chiques  quartzites  and  the  York 
shales  1  which  are  subjacent  to  the  Lancaster  limestone.'! 
The  fault  betweeen  the  l^aleozoic  (Lower  Cambrian)  rocks  and 
the  New  Red  sandstone  of  the  Mesozoic  occurs  in  the  railroad 
cut,  at  the  point  indicated  in  Dr.  Frazer's  section  as  the  crest 

*SecoDd  Geol.  Survey  of  Penn..  1876.  Section  1,  accompanyiDg  Report  of 
Progress  in  the  district  of  York  and  Adams  counties  for  1874. 

fLoc.  cit,  Section  2.  {  Loc.  cit.,  p.  88.  g  '^c-  cit.,  p.  89. 

I  The  name  York  shale  is  proposed  for  the  band  of  shales  resting  upon  the 
quartzites  surrounding  the  Hellam  hills.  It  is  peculiarly  well  developed  in  York 
county,  and  appears  to  be  absent  in  many  of  the  sections  about  South  Mountain 
and  about  the  same  series  of  quartzites  in  Lancaster  county. 

^  The  term  York  limestone  was  proposed  by  Dr.  Frazer  for  this  limestone ;  but 
as  he  states  that  it  is  a  prolongation  of  the  Lancaster  limestone  into  York  county, 
and  that  it  is  more  fully  developed  in  Lancaster  county,  I  think  it  best  to  retain 
the  term  Lancaster  limestone,  as  it  is  hardly  necessary  to  call  the  same  limestone 
by  two  different  names  in  adjoining  counties. 
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of  the  anticlinal  in  the  New  Red  sandstone.  No  such  anti- 
clinal exists.  The  southern  leg  of  ^Dr.  Frazer's  anticlinal  is 
formed  of  rocks  that  bear  no  resemblance  to  the  Mesozoic  Ked 
sandstone,  and  fossils  of  lower  Cambrian  age  are  abundant  in 
the  nine  feet  of  compact,  fine  grained  sandstone  described  by 
him.     The  section,  from  the  fault  line  southward,  is  as  follows: 

Thlcknew. 
Feet 

1.  Gray,  banded  and  mottled  limestones,  with  purplish  bed 

of  limestone  at  summit  three  feet  thick.     This  limestone 
weathers  into  a  more  or  less  arenaceous  shale. 
Strike,  E.  &  W.  (Mag.)  Dip,  25**  S 33 

2.  Gray  and  buff  sandy  shales  passing  (at  21  feet)  into  shaly 

sandstone  and  then  into  sandy  shale,  where  a  belt  of 
calcareous  quartzite  occurs  in  layers  varying  in  thickness 

from  2  to  12  inches 105 

Fossils  : — Camerella  minor^  and  fragments  of  Olenel- 
lus,  showing  portions  of  the  head  and  thoracic  segments.* 

3.  From  the  fossiliferous  beds  jnst  mentioned,  for  a  distance 

of  600  feet  the  hillside  on  the  east  of  the  railroad  is 
covered  with  the  debris  of  sandy  shales,  and  several  ex- 
posures occur  along  the  wagon  road.  From  the  last  of 
these  to  the  firat  outcrop  of  limestone,  a  distance  of  250 
feet,  the  debris  of  sandy  shales  and  thin-bedded  calcare- 
ous quartzite  occur  abundantly  in  the  southward-facing 
hillslope.  As  the  last  observed  dip  was  25°  S.,  it  is 
assumed  that  the  section  is  unbroken,  and  a  thickness  is 

assigned  to  this  division  of 815 

Fossils  : — Numerous  fragments  of  Olenellus  and  casts 
of  Camerella  minor  occur  in  the  calcareous  quartzite 
interbedded  in  the  shale. 

4.  Massive-bedded,  dove  colored,  banded  limestones.     Strike 

N.  20°  W.  (Mag.)  Dip,  25°  S.f  near  base  of  series.  Al- 
though the  section  is  more  or  less  concealed  by  soil, 
numerous  outcrops  occur  in  quarries  to  the  south.  These 
show  a  banded  limestone  in  the  lower  portion  of  the  sec- 
tion with  numerous  irregular,  small,  concretionary  bits 
of  limestone,  usually  elongated  with  the  bedding  plane. 
The  average  dip  of  the  beds  is  from  20*  to  25°  S.  A 
beautiful  section  is  shown  in  a  quarry  about  one-fourth 
of  a  mile  east  of  Emigsville,  and  in  a  quarry  on  the 
turnpike  west  of  the  railroad  in  the  outskirts  of  the 
town.  A  little  higher  up  in  the  section  the  limestones 
are  massive,  light  colored,  and,  in  places,  almost  a  white 
crystalline  marble. 

*  On  the  line  of  strike  of  these  beds,  two  miles  northwest  of  Emigsvillei  the 
following  fauna  was  found  in  the  calcareous  sandstone^:  Camerella  minor,  Obo- 
lella  crassa,  IlyoUthes  cojmminis,  and  fragments  of  Olenellus. 

f  Dr.  Frazer's  section  indicates  a  dip  of  85**.  1  was  not  able  to  disoover  the 
locality  where  he  observed  it. 
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At  a  quarry  in  a  field  east  of  the  railroad  track  and 
near  where  the  roadway  turns  to  the  eastward  towards 
Codorus  creek,  the  strike  of  the  limestone  is  N.  16°  W. 
(Mag.),  and  dip  16*"  S.  One  of  the  layers  is  quite  fos- 
siliferous  and  gave  fine  specimens  of  a  species  of  Salte- 
rella  and  Kutorgina,  heads  of  small  trilobites  of  the 
genera  Solenopleura  and  Zacanthoides,  and  numerous 
fragments  of  the  head  and  thoracic  segments  of  a 
species  of  Olenellus. 

Further  to  the  westward  in  an  old  quarry  east  of  the 
Northern  Central  B.  R.  track,  massive  layers  of  lime- 
stone are  shown  that  have  a  strike  N.  20°  W.  (Mag.) ; 
dip  20  S.,  and  contain  fragments  of  the  genus  Olenellus 
and  Protypus.  The  next  higher  exposure  in  the  section 
is  in  a  large  and  deep  quarry  just  west  of  the  R.  R. 
track,  between  one-fourth  and  one-half  mile  south  of 
Emigsville.  About  60  feet  of  limestone  is  exposed. 
The  strike  is  E.  and  W.  (Mag.),  with  a  dip  of  10°  to 
the  south.  In  the  lower  portion  of  the  quarry  there  are 
massive  layers  of  arenaceous  limestone,  and  about  ten 
feet  from  the  summit  of  the  section,  alternating  bands  of 
earthy  and  pure  limestone  in  which  numerous  fossils 
occur.     In  the  collection  obtained  I  have  recognized  : 

Plates  of  Cystids. 

Kutorginay  n.  sp. 

Orthisina  festinata  Billings. 

Olenellus  (fragments). 

Protypus  senectus  Billings. 
The  fragments  of  Olenellus  indicate  individuals  as  large 
as  any  known.  The  fossils  range  through  about  twenty 
to  twenty-five  feet  of  the  limestone.  The  layers  above 
the  fossiliferous  band  are  largely  brecciated  and  form  a 
limestone  conglomerate.  The  estimated  thickness  of  the 
entire  series  of  limestone  is 750 

In  the  railroad  cut  the  limestone  is  shown,  and,  a  little 
to  the  south  of  them,  cleaved  slates  the  bedding  of 
which  strikes  east  and  west  (Mag.)  and  dips  10°  south. 
There  is  an  interval  of  20  feet  between  the  limestone 
and  states  covered  by  debris.  The  limestone  appears  to 
pass  beneath  the  slates,  and  from  the  areal  distribution 
of  the  slates  and  limestone  to  the  south  and  southwest 
it  is  probable  that  this  upper  band  of  slates  has  a  wide 
distribution  ;  its  thickness  is  unknown. 

An  area  of  quartzite,  No.  2  of  section,  is  colored  on  the  map 
two  miles  N.  W.  of  Emigsville  as  of  the  same  age  as  the 
Hellam  quartzite.  It  is,  as  we  now  know,  a  thinner  belt  of 
quartzite  resting  in  the  calcareous  and  sandy  shales  above  the 
quartzite  of  the  Hellam  hills.  The  next  point  determined 
was  the  actual  relation  of  the  Olenellus  quartzite  at  Emigs- 
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ville  with  the  massive  Scolithus  quartzite  of  the  Hellam  hills. 
In  passing  from  Pleasnreville  towards  York,  on  the  steep  side 
hill  two  miles  west  of  York  there  are  exposures  in  the  road- 
side of  shales  and  calcareous  sandstone  above  the  massive 
quartzite  of  the  Hellam  hills.  At  a  point  probably  100  feet 
beneath  the  ferriferous  shale  in  which  the  numerous  ore  pits 
occur  on  the  south  side  of  the  Hellam  hills,  a  species  of 
Obolella^  very  closely  allied  to  Oholella  crassa^  and  fragments 
of  Olenellus  were  found  in  the  decomposed  calcareous  sand- 
stone. At  a  locality  about  one  mile  south  of  Mt.  Zion  church, 
in  Hellam  township,  and  four  miles  northeast  of  York,  numer- 
ous specimens  of  Camerella  minor  and  fragments  of  Olenel- 
lus occur  in  a  calcareous  quartzite  identical  in  character  with 
that  of  the  Emigsville  section.  '  These  two  localities  prove 
that  the  Scolithus  quartzites  of  the  Hellam  hills  and  of 
"  Chiques  Kock  "  are  beneath  the  Olenellus  calcareous  quartz- 
ite of  the  Emigsville  section  and,  therefore,  of  Lower  Cam- 
brian age. 

Search  was  next  made  for  fossils  near  the  base  of  the  lime- 
stone above  the  ferriferous  shales  resting  on  the  quartzites  of 
Hellam  hills.  They  were  found  at  a  short  distance  above  the 
shales  in  a  small  quarry  of  thin-bedded  limestone  by  the  road- 
side, one  and  one-eighth  miles  north  of  Stoner's  station  on  the 
York  &  Wrightsville  railway.  The  strike  is  a  little  north  of 
west,  and  dip  45°  south.  Finely  preserved  specimens  of 
Linnarssonia,  closely  allied  to  Linnarssonia  sagittalis  are 
abundant,  and  easily  recognized  fragments  of  a  species  of 
Olenellus  are  associated  with  them.  Crossing  the  section  to 
the  south,  occasional  exposures  were  seen  of  massive  bedded, 
light-colored  limestones,  much  of  the  same  character  as  tho^e 
exposed  in  the  quarries  north  of  Wrightsville  three  miles  to 
the  eastward.  The  dip  increased  to  85°  at  the  railroad  track, 
which  indicated  that  a  compressed  synclinal  had  been  passed 
over  in  the  section.  The  only  locality  where  fossils  were 
found  within  the  main  body  of  the  limestone  in  York  County 
was  one  and  one-half  miles  southwest  of  the  public  square  at 
York,  Pa.,  on  the  north  side  of  Highland  Part.  The  species 
recognized  are :  one  closely  allied  to  Olenoides  Marcouij  Pro- 
typus  seneciAis^  and  two  species  of  Ptychoparia,  all  of  which 
belong  to  the  Lower  Cambrian  fauna.  When  examining  the 
section  on  the  east  side  of  the  Susquehanna,  in  Lancaster 
county  south  of  Columbia  and  north  of  Washington  Manor, 
with  Messrs.  A.  Wanner  and  Arthur  Keith,  a  locality  of  lower 
Cambrian  fossils  was  found  in  a  narrow  belt  of  limestone 
about  half  a  mile  north  of  Washington  Manor.  Hyolithes 
communis  and  fragments  of  Olenellus  showing  portions  of  the 
head  and  thoracic  segments  were  recognized  in  the  material 
collected. 
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A  glance  at  Dr.  Frazer's  map  of  York  county  shows  that  it 
is  probable  that  all  of  the  limestones,  quartzites  and  schists  of 
the  central  portion  of  the  country  are  of  Lower  Cambrian  age. 
The  Hellam  quartzite  ridge  is,  as  stated  by  Dr.  Frazer,  evidently 
an  anticlinal  ridge  broken  on  the  northwest  side  by  a  fault  that 
has  brought  the  quartzite  up  against  the  higher  horizons  of  the 
shales  and  limestones.  Tne  anticlinal  structure  apparently 
extends  to  the  southwest  past  York  and  towards  Hanover.* 

The  discovery  of  Lower  Cambrian  fossils  in  the  compressed 
synclinal  of  limestone  in  Lancaster  county,  south  of  Columbia, 
indicates  that  the  limestone  on  the  west  side  of  the  river  is  of 
the  same  geological  age ;  and  that  the  shales  and  schists  beneath 
it  (called  chlorite  schists,  etc.,  by  Frazer)  are  of  Lower  Cambrian 
age ;  and  I  doubt  if  there  is  a  sedimentary  rock, — other  than 
the  Mesozoic  New  Red  sandstone — of  later  age  than  the  Cam- 
brian in  York  county,  unless  it  may  possibly  be  the  Peach 
Bottom  slate  and  chlorite  schists  of  the  southeastern  corner  of 
the  county ;  and  from  the  closely  related  structure  of  Lancaster 
county  it  is  probable  that  all  of  the  Lancaster  limestones  will 
fall  within  the  Cambrian  unless  it  be  that  some  portions  of 
the  upper  series  of  limestone  may  pass  into  the  Ordovician. 
This  generalization  will  also  apply  to  the  limestones  of  the 
adjoining  counties  of  Berks  and  Chester  and,  in  fact,  to  the 
entire  extension  of  this  series  northeastward,  to  the  Delaware. 
All  of  the  quartzites,  that  have  been  referred  to  the  Potsdam, 
will  necessarily  fall  into  the  Lower  Cambrian,  as  they  are 
beneath  the  limestones. 

When  it  is  once  considered  that  the  quartzites,  called  the 
Potsdam  by  the  Pennsylvania  Survey,  are  of  Lower  Cambrian 
age ;  that  a  series  of  shales  and  limestones,  superjacent  to  these, 
are  of  Lower  Cambrian  age :  that  the  Potsdam  horizon  of  the 
New  York  series  is  represented  by  limestones  in  the  Auroral 
series  of  Rogers ;  and  that  the  Calcif  erous-Chazy  terrane  of  the 
New  York  section  is  represented  only  by  the  upper  portions  of 
the  Auroral  limestones,  geologists  will  have  little  difficulty  in 
determining  the  geologic  horizons  of  the  various  outcrops  of 
quartzites,  schists,  shales  and  limestones, — provided  careful 
attention  is  paid  to  their  sedimentary  character  and  to  the  dis- 
covery of  occasional  localities  of  fossils. 

South  Mountain, 

Prof.  Lesley  states  that  "  the  South  Mountains,"  separating 
the  Cumberland  valley  from  the  lower  country  of  York  and 

•Southeast  of  the  Hellam  hills  the  limestones  appear  to  form  a  compressed 
synclinal  and  this  structure  may  extend  to  Hanover  and  beyond  to  the  S  W. 
My  time  was  too  limited  to  study  the  details  of  structure  off  of  the  line  of  the 
sections  mentioned  in  these  notes. 
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Adams  coaDties,  form  the  northernmost  end  of  the  Bine  Bid^e 

range  of  Virgmia The  whole  measures  upon  l£e 

map  ten  miles  in  breadth  by  fifty  in  length  upon  a  curve  ex- 
tending from  the  Maryland  line  to  its  eastern  edge,  fifteen 
miles  west  of  Harrisburg.* 

From  the  Pennsylvania  line  southwest  across  Maryland, 
South  Mountain  extends,  as  the  Blue  Ridge,  to  Harper's  Ferry, 
and  thence  southwest  across  Virginia.  It,  also,  practically 
includes  the  Cotoctin  range,  on  the  eastern  side,  which  extends 
south  from  the  southwestern  portion  of  Adams  county,  Penn- 
sylvania, and  crosses  the  Potomac  at  the  Point  of  Bocks,  and 
from  thence  extends  south  a  little  west  of  Leesburgh,  Va. 
The  Blue  Eidge  and  the  Cotoctin  Eidge  are  the  eastern  and 
western  sides  of  the  mountain  uplift  of  which  the  South  Moun- 
tain, Pennsylvania,  is  the  northern  terminus. 

The  classification  of  the  rocks  of  Pennsylvania  was  summed 
up  by  Prof.  H.  D.  Eogers  as  follows : — The  Hypozoic  rocks, 
or  those  undei^neath  any  life-bearing  strata ;  Azoic,  or  those 
destitute  of  any  discovered  relics  of  life ;  and  Paleozoic,  or 
those  entombing  the  remains  of  the  earth's  most  extinct  forms 
once  living  beings.f 

It  is  evident  from  Prof.  Eogers'  definition  of  the  Azoic 
group,  that  it  included  what  we  now  recognize  as  the  lower 
Cambrian  sedimentary  strata  beneath  the  Scolithus  quartzite 
and,  also  an  extended  series  of  altered  rocks  that  form  the 
nucleus  of  the  Blue  Eidge,  and  which  are  now  included  in  the 
Algonkian  of  the  classification  of  the  U.  S.  Geological  Survey. 
He  regarded  the  sandstone  with  Scolithus  linearis  as  at  the 
base  of  the  Paleozoic  series,  and  considered  that  the  Primal 
slates  beneath  the  sandstone,  and  in  intimate  alternation  with 
it,  did  not  possess  a  vestige  of  organic  life. 

The  conclusions  of  the  geologists  of  the  second  geological 
survey  of  Pennsylvania,  are  that  there  are  two  groups  of  rocks 
forming  South  Mountain. 

Prof.  Lesley  says :  "  The  northwestern  (Mt.  Holly)  ridge  is 
made  by  several  thousand  feet  of  the  lower  quartzite  and  quartz 
conglomerate  beds.  The  southeastern  (Adams  county)  ridges 
are  made  by  several  thousand  feet  of  an  overlying  feldspathic, 
micaceous  and  chlorite  series,  intersected  by  veins  of  milky 
quartz.":}:  ....  •'  It  is  hard  to  avoid  the  inference  that  our 
South  Mountain  rocks  represent  the  Huronian  section  of  Murray 
and  Logan.     It  is  impossible  not  to  compare  them  also  with 

*  Second  Geol.  Survey  of  Penn.  A  summarj  description  of  the  geology  of 
Penn.,  vol.  i,  1892,  p.  142. 

f  The  Geology  of  Pennsylvania,  vol.  i,  1858,  p.  64. 

X  Second  Geol.  Surv.  of  Penn  A  summary  description  of  the  geology  of  Penn- 
sylvania, vol.  i,  1892,  p.  144. 
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the  great  quartzite  masses,  the  roofing  slates,  etc.,  of  Walcott's 
upper,  middle  and  lower  Cambrian  system."* 

When  I  began  the  investigation  to  ascertain,  by  stratigraphic 
and  paleontologic  evidence,  the  geologic  age  of  the  South 
Mountain  quartzite  and  the  associated  schists  and  slates,  I  soon 
discovered  that  there  was  very  little  prospect  of  finding  the 
true  geologic  succession  in  the  northern  portion  of  the  moun- 
tain, m  Cumberland  and  York  counties,  owing  to  the  folding 
of  the  strata  and  also  to  the  fact  that  there  were  a  number  of 
westward  thrusts  of  lower  on  higher  beds,  and  that  as  a  result 
of  this  the  central  core  of  the  Blue  Ridge  had  been  broken  and 
thrust  over  on.  the  Lower  Cambrian  beds  and,  also,  in  places, 
resting  apparently  conformably  upon  the  latter, — all  havmg  an 
eastward  aip.  The  discovery  of  Olenellus  with  Hyolithes  com- 
munis in  the  massive  quartzite  series  in  the  Mt.  Holly  ridge, 
just  above  Mt.  Holly  Springs  in  Cumberland  county,  proved 
that  the  ^eat  western  mass  of  quartzites  of  South  Mountain^ 
with  the  mterbedded  shales,  slates  and  conglomerates,  were  of 
Lower  Cambrian  age  ;  but  it  did  not  throw  light  upon  the  geo- 
logic age  of  the  orthofelsite  series  of  Frazer  and  the  epidotic 
rocks  of  Rogers.  In  company  with  Mr.  Arthur  Keith,  of  the 
U.  S.  Geological  Survey,  who  had  mapped  the  Harper's  Ferry 
sheet,  an  examination  was  made  across  tne  ridges,  from  Mechan- 
icstown,  Md.,  to  Monterey  and  westward  to  Pikesville,  in 
Franklin  county,  Pennsylvania. 

On  entering  the  gorge,  a  little  west  of  Mechanicstown,  on 
the  line  of  the  Western  Maryland  R.  R.,  an  extended  series  of 
shales  and  slates  was  passed, — all  having  a  very  high  dip  to 
the  southeast.  About  two  miles  from  Mechanicstown,  massive 
quartzites  were  observed  with  a  high  dip  to  the  east,  and, 
higher  up  in  the  gorge,  there  was  a  repetition  of  the  slates 
found  east  of  the  quartzites.  This  section,  from  the  dip  of 
the  quartzite,  indicated  a  synclinal  resting  on  a  considerable 
thickness  of  slates  and  shales.  A  series  of  sections,  by  Mr. 
Keith,  of  the  western,  or  Blue  Ridge  ridge  extending  from  a 
point  eleven  miles  south  of  Mechanicstown  to  Harper's  Ferry, 
shows  that  this  same  synclinal  structure  prevails  all  along*  the 
ridge,  and  that  a  synclinal  fold  of  massive  sandstone  forms  the 
summit  of  the  ridge,  below  which  a  series  of  shales  rests 
unconformably  upon  the  subjacent  crystalline  rocks. f  The 
synclinal  structure  is  also  shown  for  the  quartzites  of  the 
eastern  or  Cotoctin  ridge. 

From  a  point  two  and  one-half  miles  west  of  Mechanics- 
town  to  Monterey,  the  road  led  across  the  epidotic  schists  of 

*Loc.  cit,  pp.  147,  148. 

f  The  structure  of  the  Blue  Ridge  near  Harper's  Ferry.  BulL  Geol.  Soc. 
America,  vol.  ii,  1891,  pis.  4  and  6. 
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the  central  mass  of  the  range,  which  is  now  a  moantain 
valley  between  the  Cotoctin  and  Blue  Ridge  ridges.  The 
schist  extends  to  a  point  one-fourth  to  one-half  a  mile  beyond 
the  Bine  Kidge  station,  on  the  Western  Maryland  TL  R. 
Fragments  of  a  rhyolite-like,  porphyritic  rock*  were  also  seen, 
that  probably  represent  the  "bedded  petrosilex"  of  Dr.  Hunt, 
as  shown  two  miles  south  of  this  Monterey  road,  near  Fox- 
ville,  Maryland.  Going  down  the  road  beyond  Pen  Mar 
towards  Pikesville,  there  was  an  apparent  repetition  of  the 
section  on  the  eastern  side  of  the  ridge,  near  Mechanicstown. 
Subsequently,  an  examination  was  made  of  the  section  from 
Monterey,  Franklin  county,  Pennsylvania,  to  the  valley  on  the 
line  of  the  Waynesborougn  turnpike.  Just  west  of  Monterey 
a  massive  quartzite  forms  a  plateau,  upon  which  the  Monterey 
hotel  is  situated.  The  dip  of  the  quartzite  is  slightly  to  the 
northwest.  A  short  distance  beyond  the  toll-gate  the  dip  to 
the  northwest  increases,  and  a  series  of  sandy  and  argillaceous 
shales  succeeds  the  quartzite.  Following  down  the  turnpike 
toward  Waynesborough  and  near  the  foot  of  the  ridge,  tnese 
shales  were  found  to  pass  beneath  a  light-colored,  hard,  com- 
pact quartzite  dipping  northwest,  in  which  numerous  remains 
of  ScolithVfS  lineay^  occur.  By  breaking  the  white  quartzite 
many  fragments  of  Olenellus  showing  parts  of  the  head  and 
thoracic  segments  were  also  found.  In  calcareo- arenaceous 
layers,  just  beneath  the  quartzite,  fragments  of  Olenellus 
occur  associated  with  specimens  of  CatnereUa  minor^  A  series 
of  more  or  less  sandy  shales. next  appears  resting  upon  the 
Scolithus  quartzite  and  having  a  northwesterly  dip,  toward 
the  valley.  Along  the  foot  of  the  ridge,  low  nills  of  sandy 
shale  and  slate  appear,  capped  with  a  thin-bedded  calcareous 
quartzite  or  sandstone.  In  the  latter,  CamereUa  minor^ 
Hyolithes  communis^  and  fragments  of  Olenellus  are  abundant 
A  little  west  of  these  hills  the  limestones  of  the  valley  appear. 
In  this  limefetone,  Kutorgina  n.  sp.,  and  fragments  of  the  nead 
and  thoracic  segments  of  Olenellus  were  found  a  little  east  of 
the  joad  leading  up  the  east  branch  of  Little  Antietam  creek 
and  about  three  miles  east  of  Waynesborough. 

If  reference  is  now  made  to  the  York  county  section  it  will 
be  seen  that  the  upper  portion  of  the  Monterey  section  is 
essentially  a  repetition  of  it — from  the  Scolithus  quartzite  to 
the  limestones  of  the  valley.  The  same  fossiliferous*  Scolithus 
quartzite  passes  beneath  sandy  shales  and  slates,  in  which  are 
interbedded  calcareous  quartzites  carrying  the  Olenellus  fauna ; 
these  pass  beneath  the  limestones  of  the  valley  in  York 
county  in  which  the  Olenellus  fauna  occurs.     In  the  Monterey 

♦The  description  of  the  volcanic  rocks  of  South  Mountain  bj  Dr.  G.  H. 
Williams  is  contained  in  the  following  article,  p.  482. 
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section,  however,  there  is  in  addition  a  series  of  shales  beneath 
the  Scolithus  quartzite,  that  rests  upon  a  massive  quartzite 
forming  the  summit  of  the  Blue  Eidge,  west  of  Monterej^  and 
beneath  this  a  bed  of  slates  unconformable  to  the  subjacent 
crystalline  rocks. 

The  Blue  Eidge  was  followed  south  into  Maryland  and 
crossed  at  several  points  before  reaching  Harper's  Ferry.  All 
of  the  section  shows  the  synclinal  structure  of  the  slates  and 
quartzites  as  represented  by  Messrs.  Geiger  and  Keith,  in  their 
paper  upon  the  structure  of  the  Blue  Eidge  near  Harper's 
Ferry.*  South  of  Keedysville,  Washington  county,  Mary- 
land, the  quartzite,  capping  the  slate  hilTs  west  of  the  mam 
ridge,  was  observed  to  pass  conformably  beneath  the  limestone 
at  Eakle's  Mills,  and  Myolithes  com/munis  and  fragments  of 
Olenellus  were  found  in  the  calcareous  quartzite.  The  rela- 
tively simple  stratigraphic  structure  of  the  Monterey  section 
is  complicated  at,  and  near,  Harper's  Ferry  by  the  lower 
massive  quartzite  forming  a  synclinal  and  being  thrust  to  the 
westward  over  the  more  recent  shales,  slates  and  limestones. 
The  structure  is  still  more  complicated  by  the  fact  that  the 
hills  of  sandy  shale  and  slate  (capped  by  the  upper  Olenellus 
quartzite)  are  thrust,  on  the  line  of  a  fault,  over  on  to  lime- 
stones wnich,  in  an  unbroken  section,  rest  upon  the  quartzites. 

It  was  this  primary  folding  and  subsequent  westward  thrust- 
ing, on  the  line  of  two  or  more  faults,  of  the  older  upon  the 
more  recent  strata  at  and  to  the  north  and  south  of  Harper's 
Ferry  that  led  Messrs.  Geiger  and  Keith  to  consider  th^t  the 
lower  quartzites  rested  conformably  upon  the  limestones  and 
were  of  Silurian  agcf 

Returning  to  South  Mountain  with  the  information  gained 
between  the  Potomac  and  the  line  of  the  Chambersburgh  and 
Gettysburgh  pike,  in  Pennsylvania,  and  studying  Dr.  Frazer's 
sections  (Nos.  7,  8,  9,  10,  11  and  13)t  and  also  reading  the 
descriptions  of  them,  as  well  as  Professor  Lesley's  description 
of  South  Mountain  (contained  in  Vol.  I  of  his  final  report), 
it  is  evident  that  they  have  misinterpreted  the  true  geologic 
structure  of  the  mountain  and  the  relations  of  the  rocks  com- 
posing it.  Professor  Lesley  states  that  a  massive  fault  must 
run  along  the  i%ot  of  the  mountain,  along  the  low  drift-filled 
valley  of  Yellow  Breeches  creek  ;  and  this  I  think  is  correct, 
as  the  Olenellus  fauna  of  the  Scolithus  quartzite  zone  occurs 
but  a  short  distance  east  of  the  foot  of  the  mountain,  in  a  syn- 

♦BuU.  Gteol.  Soc.  America,  vol.  ii,  1891,  pis.  4  and  5. 

f  Loc.  cit,  plB.  4  and  6.  A  paper  by  Mr.  Arthur  Keith  describing  his  present 
yiew  of  the  structure  will  be  found  in  the  Dec.  Ko.  of  the  Am.  Geologist  for  1892. 

X  Second  Geol.  Surv.  Pa.  Report  of  Progress  in  the  counties  of  York,  Adams, 
Cumberland  and  Franklin  for  1875  published  1877. 

All.  Joua.  Sol— TmBD  Sebixs,  Vol.  XLIY,  No.  264.— Dbosmbeb,  1892. 
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clinal  fold,  at  Mt.  Holly  Springs.  Their  error,  however,  is  in 
considering  that  the  '^  orthof elsite  "  series  is  superior  to  the 
conglomerates,  quartzites  and  schists  which  they  referred  to 
the  Lower  series.  The  Monterey  section  shows  that  the  epi- 
dotic  schists  are  inferior  to  the  quartzites  and  slates  and,  a 
section  west  of  Wolfsville,  Md.,  that  the  "petrosilex"  or  rhyo- 
lite-like  eruptive  occupies  a  similar  position.  This  type  of 
section  is  repeated  many  times,  both  on  the  Cotoctin  and  Blue 
Eidge  sides,  from  the  Maryland  line  to  the  Potomac  and  south 
through  Virginia. 

Professor  Kogers  and  also  Professor  Lesley,  referred  the 
offsets  of  the  ranges  of  hills  of  South  Mountain,  as  shown  in 
Franklin  county  and  also  on  the  north  end  of  South  Mountain, 
to  the  terminations  of  successive  folds  of  the  rocks  forming 
the  mountain.  My  impression  is  that  these  offsets  and  also  the 
complicated  structure  of  the  mountain  arise  partly  from  fold- 
ing, but  more  largely  from  the  westward  thrusts  of  masses  of 
strata  along  the  line  of  faults  of  a  low  hade.  This  westward 
thrusting  on  the  fault  planes,  complicated  by  previous  foldings 
of  strata,  leaves  masses  of  the  subjacent  pre-Paleozoic  rocks 
resting,  in  various  places,  on  different  members  of  the  lower 
Cambrian  series,  and  also  appears  to  interbed  the  quartzites 
and  slates  of  the  Cambrian  in  the  schists,  eruptives,  etc.,  of 
the  Algonkian.* 

The  key  to  the  succession  of  the  lower  sedimentary  rocks  of 
Maryland  and  Pennsylvania  is  contained  in  the  Balcony  Falls 
section  of  Virginia,  although  it  can  now  be  determined  by  a 
study  of  the  section  at  Monterey  and  to  the  south,  along  the 
Blue  Eidge  toward  Harper's  Ferry. 

In  a  letter  received  from  Professor  Lesley  and  dated  Feb- 
ruary 22d,  1891,  he  asks:  '^ Is  it  impossible  that  there  should 
be  agreement  between  the  Balcony  Falls  section  of  Virginia 
and  the  Mt.  Holly  Springs  section,  three  hundred  miles  apart  ?" 
He  says,  further,  after  eommentiag  upon  the  possible  relations 
between  the  Balcony  Falls  section  ana  that  at  South  Mountain, 
in  speaking  of  the  strata  of  the  Balcony  Falls  section  :  "  But 
what  is  2,000  feet  or  2,500  feet  to  10,000  feet  to  20,000  feet  of 
quartzites  and  slates  making  (apparently — not  certainly — )  the 
South  Mountains  ?.  We  are  still  in  the  dark.about  super-  and 
^wJ-positions ;  about  absence  or  presence  of  overturn  rolls,  etc. 
I  am  only  greatly  impressed  with  the  broad  fact  that  we  seem 

*  From  the  finding  of  fragments  of  the  eruptive  rocks  in  the  conglomerates  at 
the  hase  of  the  qaartzite  series,  and  from  the  numerous  synclinals  showing  that 
the  epidotic  rocks  and  also  certain  rhjolitic  eruptives  are  beneath  the  quartsite 
series  I  refer  the  similar  rocks  of  South  Mountain  to  a  pre-Paleozoic  age ;  and, 
as  they  are  not  of  the  character  of  the  Laurentian  crystalline  complex,  I  would 
refer  them  to  the  Algonkian.  but  iiot  correlate  them  with  the  Huronian  or  with 
any  known  division  of  that  gproup  of  rocks. 
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to  have  the  Huronian  mass  rising  to  view  in  the  South 
Mountains  of  the  Atlantic  States." 

I  think  that  the  view  of  Messrs.  Frazer  and  Lesley  that  such 
great  thicknesses  of  strata  occur  in  South  Mountain  arises 
from  the  fact  that  these  "  great  thicknesses  "  are  but  repeti- 
tions of  both  the  Cambrian  and  pre-Cambrian  strata  from 
foldings  and  overthrust  faultings  and  also  from  their  not  dif- 
ferentiating between  the  cleaved  schistose  eruptives  of  the 
Algonkian  and  the  bedded  and  often  cleaved  sedimentaries  of 
the  lower  Paleozoic. 

The  section  at  Monterey  and  along  that  portion  of  the  Blue 
Bidge  is  roughly,  as  estimated  from  the  data  obtained  by  Mr. 
Keith  to  the  south  and  from  the  Monterey  section,  reading 
from  below  upwards,  as  follows : 

Feet. 

1.  Shales   and    slates,  well  shown   near    Mechanicstown, 

Maryland,  and  in  numerous  sections  along  the  Blue 
Ridge 300  feet  to      400 

2.  Coarse-grained  and  bluish-gray  quartzite 1000  to  1200 

At  several  localities  the  shales  of  (1)  appear  to  be 
replaced  by  bands  of  conglomerate  and  shale  ;  and  many 
of  the  layers  of  (2)  are  conglomeritic  to  a  greater  or  less 
extent. 

8.  Sandy  shale,  with  interbedded  layers  of  quartzite 800 

4.  Scolithus  quartzite,  with  interbedded   calcareous  sand- 
stones and  shales 500 

Fossils: — CamereUa  miiioTy  and  fragments  of  Ole- 
nellus. 
b.  Sandy  shales,  with  a  series  of  calcareous  quartzite  near 

the  summit;  about 450 

Fossils: — CamereUa    minor ^   Hyolithes  communis^ 
and  fragments  of  Olenellus. 
6.  Mottled  limestone,  with  intercalated  sandy  and  shaly 

layers 800  to  1000 

Fossils: — Kiitorgina  n.  sp.,  and  fragments  of  Ole- 
nellus..  

This  portion  of  the  section  is  succeeded  by  the  valley 
limestone,  more  or  less  of  the  lower  portion  of  which  is 
probably  of  middle  and  upper  Cambrian  age. 

The  section  includes  from  3,000  feet  to  3,500  feet  of  sand- 
stones and  shales  before  reaching  the  limestones.  In  a  number 
of  localities  a  conglomerate  was  observed  in  the  Lower  sand- 
stone series,  in  which  fragments  of  the  pre-Paleozoic  crystalline 
rocks  were  imbedded.  This  phenomenon  was  observed  on 
South  Mountain,  in  the  conglomerates  mentioned  by  Prof. 
Lesley,  and  also  along  the  Blue  Kidge  and  the  Cotoctin  ridge 
to  Harper's  Ferry;  the  conglomerate  character  of  the  rock 
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varying  very  ranch  in  the  character  and  size  of  the  coarser 
material.  The  feldspathic  character  of  these  shales  and  sand- 
stones is  very  distinctly  raarked  beneath  the  Scolithus  quartz- 
ite,  both  in  the  Balcony  Falls  and  the  Monterey  sections. 

If  these  two  sections  are  compared  with  that  at  "  Chiques 
Rock"  and  south  to  Columbia,  in  Lancaster  county,  Pa.,  it 
will  be  at  once  observed  that  the  Scolithus  quartzite,  while 
the  highest  band  of  quartzite  in  the  Balcony  Falls. and  the 
Monterey  sections,  is  the  lowest  in  the  "  Chiques  Bock  "  sec- 
tion which  has  the  lower  feldspathic  sandstone  and  shales 
apparently  above  the  Scolithus  quartzite.  It  is  from  this  fact 
that  it  is  stated,  in  the  first  part  of  this  paper,  that  the  feld- 
spathic sandstones  and  shales  were  thrust  over  on  the  Scolithus 
sand  rock  in  the  "  Chiques  Bocks"  section. 


Art.  'LXY.—The  Volcanic  Rocks  of  South  Mountain  in 
Pennsylvania  and  Maryland ;  by  George  H.  Williams. 
With  Plate  X  * 

Contents. — 1.  Object  of  this  paper.  2.  Supposed  eedimentary  origfin  of  the 
South  Mountain  volcanic  rocks.  3.  Petrographical  character :  a)  The  acid  rocks 
— ^rhyolites ;  h)  The  basic  rocks — basalts ;  e)  The  pyroclastic  deposits— tuffs  and 
breccias.  4.  Geological  occurrence  and  relations  to  the  sandstone.  5.  Chemical 
alteration  and  metamorphism.     6.  Comparison  with  other  regions. 

[Read  before  the  National  Academy  of  Sciences,  Nov.  2,  1892.] 

1.  Ohject  of  this  paper. — It  is  the  obj'ect  of  the  present 
communication  to  announce  the  identification  of  an  extensive 
area  of  very  ancient  volcanic  rocks  which  compose  an  im- 
portant part  of  the  South  Mountain,  south  of  the  Susquehanna 
Kiver.  The  brief  preliminary  description  of  these  rocks, 
which  is  all  that  can  now  be  atteraptea,  will,  it  is  hoped,  suf- 
fice to  show  that  the  hitherto  accepted  theory  of  their  sedi- 
mentary origin  has  been  based  on  a  misinterpretation  of  the 
facts  wliich  they  exhibit. 

The  rocks  in  question  preserve  abundant  and  convincing 
evidence — both  structural,  chemical,  and  petrographical — of 
their  original  character  and  genesis.  At  the  same  time  they 
show  various  phases  of  alteration  by  recrystallization  and 
dynamic  agencies  which  render  them  valuable  for  the  study  of 
many  problems  of  metamorphism. 

*  The  writer  is  under  great  obligations  for  many  of  the  facts  contained  in  this 
paper  to  Miss  Florence  Bascom,  who  has  mapped  in  great  detail  one  of  the  most 
diversified  portions  of  South  Mountain,  near  Monterey.  Pa.  She  has  ooilectod  a 
large  material  upon  which  she  is  now  at  work  at  the  Johns  Hopkins  Uniyersity, 
and  her  results,  to  be  published  in  due  time  as  a  thesis,  will  go  far  toward  fur- 
nishing detailed  proof  of  the  general  conclusions  here  set  forth. 
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South  Mountain  rises  about  fifteen  miles  west  of  Harrig- 
burg  and  extends,  as  may  be  seen  on  the  accompanying  map, 
in  a  great  sickle-shaped  curve  to  the  Maryland  line.  Here  it 
divides  into  two  parts,  known  as  Catoctin  Mountain  and  the 
Blue  Eidge,  which  diverge  at  a  small  angle  and  enclose  the  tri- 
angular Middletown  valley,  north  of  the  Potomac. 

During  the  past  summer  the  writer  devoted  considerable 
time  to  mapping  the  volcanic  rocks  of  this  region  and  to  col- 
lecting suitable  material  for  laboratory  study.  This  has  at 
present  only  been  fairly  entered  upon,  so  that  subsequent  com- 
munications giving  more  detailed  results,  may  be  expected. 

2.  Supposed  smimentary  origin  of  the  South  Mountain 
Volcanic  rocks. — As  far  as  is  Known  to  the  writer,  volcanic 
rocks  have  not  hitherto  been  definitely  described  as  such  in  the 
Appalachians.  The  rocks  here  under  consideration  have  long 
been  known  to  geologists,  but  they  have  before,  with  the  ex- 
ception of  a  few  of  the  most  massive  greenstones,  been  gen- 
erally regarded  as  of  sedimentary  origin. 

Professor  Henry  Eogers  in  1858  speaks  of  South  Mountain 
southwest  of  the  Susquehanna,  as  embracing  "a  singularly 
small  amount "  of  igneous  rock.  He  alludes  to  the  cleaved 
greenstones  as  "  dark  green  slate,^'  and  to  the  acid  porphyries 
and  felsites  as  "  highly  metamorphic  Primal  slate."  He  con- 
tinually contrasts  the  highly  altered  slate  and  the  unaltered 
sandstone,*  although  in  reality  one  rock  is  scarcely  more 
changed  than  the  other. 

Philip  Tyson,  in  his  first  report  as  State  Agricultural 
Chemist  made  in  1860,  speaks  of  the  sandstone  of  South 
Mountain  as  Potsdam  and  says  that  it  contains  fossilized  stems 
of  plants.  He  also  says :  "  A  slate,  varying  in  color  from  gray 
to  brownish  and  greenish,  is  ranked  as  an  argillite,  but  portions 
of  it  assume  a  marked  talcose  appearance,  especially  in  Catoc- 
tin mountain,  where  it  has  been  much  disturbed  and  altered 
by  proximity  to  intrusive  rocks.  These  last  consist  of  amphi- 
bolites  (trap),   porphyries,   amygdaloid,    serpentine   and  epi- 

dote."t 

In  1877  appeared  the  results  of  Dr.  Pereifor  Frazer's  studies 
of  South  Mountain.  He  regarded  it  as  composed  essentially 
of  a  westerly  (older)  portion,  consisting  of  various  modifica- 
tions of  a  quartz-conglomerate  (Mountain  Creek  rock)  and  an 
easterly   (younger)   portion   composed   of   orthofelsite,  inter- 

*  Geology  of  Pennsylvania,  vol.  i.  pp  203-5,  1858. 

t  First  Report  of  V.  T.  Tyson,  State  Agricultural  Chemist,  to  the  House  of 
Delegates  of  Maryland,  Januan-,  1860,  pp.  34,  35  (cf.  also  p.  18).  In  his  second 
report  (1862,  p.  70)  he  gives  further  particulars  regarding  Catoctin  Mountain.  He 
says  **a  vast  mass  of  epidotic  trap,  five  miles  wide,  was  forced  up  from  below  in  a 
state  of  fusion.  This  embraces  a  mass  of  chert  (rhyolite)  3000-4000  feet  thick.** 
He  describes  the  trap  as  carrying  metallic  copper,  and  regards  it  as  the  cause  of 
the  elevation  of  the  mountain  sandstone. 
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bedded  with  hydromica  and  chloritic  schists.*  Regarding  the 
origin  of  these  latter  rocks,  which  like  the  conglomerate  were 
placed  below  Rogers'  primal  sandstone,  Dr.  Frazer  made  the 
following  statement  in  1877,t  repeating  it  two  years  later  :J 
"  The  porphyry  which  carries  the  copper  of  this  region  shows 
no  character  of  igneous  action,  but  occurs  in  coarse  and  thin 
beds,  more  or  less  disintegrated,  and  in  some  localities  reduced 
almost  to  the  state  of  kaolin." 

Dr.  T.  Sterry  Hunt  announced  to  the  American  Association 
for  the  Advancement  of  Science  in  1876  that  he  had  identi- 
fied petrosilex  or  halleflinta  in  South  Mountain,  which  he  had 
examined  with  Dr.  Frazer.§  Dr.  Hunt's  concurrence  in  1879 
with  Dr.  Frazer's  opinion  above  cited,  and  his  constant  use  of 
the  term  bedded  petrosilex  suflSciently  indicate  that  he  re- 
garded these  rocks  as  sedimentary.  He  however  correctly 
compares  the  South  Mountain  rocks  with  others  in  Missouri, 
the  Lake  Superior  region,  eastern  Massachusetts,  Maine,  and 
New  Brunswick,  since  shown  to  be  volcanic,  although  he  saw 
in  this  similarity  only  evidence  of  their  "  Huronian  "  age. 

The  nearest  approach  to  a  recognition  of  the  South  Mountain 
rocks  in  Pennsylvania  as  volcanic  was  made  by  Mr.  J.  F. 
Blandy,  who  described  the  copper-bearing  rock  in  1879  as 
amygdaloid  trap^  and  correlated  it  with  the  similar  flows  neai* 
Lake  Superior.  The  acid  felsites  however  were  regarded  by 
Mr.  Blandy  as  slate.  || 

In  his  recent  final  volume  on  the  Geology  of  Pennsylvania, 
Professor  Lesley  follows  in  the  main  Dr.  Frazer's  classification 
of  the  rocks  of  South  Mountain.  Although  he  considers  that 
the  sandstone  probably  represents  the  "  Huronian  "  of  Logan 
and  Murry,  he  says  it  is  impossible  not  to  compare  it  with 
Walcott's  Cambrian  System.  The  supposjed  overlying  feld- 
spathic  felsite  series  (orthofelsite  of  Frazer)  Lesley  estimates 
as  6,000  feet  in  thickness,  and  everywhere  speaks  as  though  he 
regarded  it  of  sedimentary  origin.^^ 

The  cause  of  the  prevailing  misconception  regarding  the 
volcanic  rocks  of  South  Mountain  is  not  difficult  to  find. 
Their  accompanying  accumulations  of  tuflf  beds  and  breccias, 
and  the  fact  that  they  are  generally  cleaved  parallel  to  the 

♦  Report  of  Progress  in  the  counties  of  York,  Adams,  Cumberland  and  Frank- 
lin     Second  Geol.  Surv.  of  Penn.  CC  for  1876.     Harrisburg,  1877,  p.  285. 

f  "  Copper  Ores  of  Pennsylvania."  Polytechnic  Review,  vol.  iii,  p.  170.  April 
28,*  1877. 

X  Trans.  Am.  Inst.  Min.  Engineers,  vol.  vii,  p.  338,  1879. 

gProc.  Am.  Assoc.  Adv.  ScL,  1876,  pp.  211,  212,  and  Second  Geol.  Survey  of 
Penn.,  vol.  E.  1878,  p.  193. 

I "  The  Lake  Superior  Copper  Rocks  in  Pennsylvania."  Trans.  Am.  Inst.  Min. 
Engineers,  vol.  vii,  p  331,  1879. 

f  A  Summary  description  of  the  Geology  of  Pennsylvania  by  J.  P.  Lesley, 
State  Geologist,  vol.  i,  p.  146,  1892. 


Digitized  by  VjOOQIC 


486     O.  R.  WiUiama —  VoUanio  Rocks  of  South  Mountain 

great  structure-planes  of  the  mountaiu,  have  all  been  readily 
interpreted  as  indications  of  stratification  and  conformity.  The 
cleavage-dip  in  the  sandstone  has  often  been  inistaken  for  bed- 
ding, while  the  thin  jointing  and  slaty  structure  of  the  lavas, 
though  a  secondary  feature,  have  seemed  to  geologists  not 
very  familiar  with  recent  volcanic  rocks,  suflBcient  proof  of 
sedimentary  origin. 

In  spite  of  great  age  and  some  alteration,  however,  the 
volcanic  rocks  of  South  Mountain  have  preserved  all  the 
essential  characteristics  of  our  recent  rhyolites  and  basalts  in 
such  perfection  that  the  proofs  of  their  real  nature  are,  to  the 
student  of  comparative  petrography,  overwhelming,  while  to 
all  who  will  candidly  examine  them  they  must  be  at  least  con- 
vincing. 

3.  Petrographical  Character. — Approximately  175  square 
miles  of  the  area  of  South  Mountain  is  occupied,  between  Mt. 
Holly  and  the  head  of  the  Middleton  valley,  with  volcanic 
rOcks,  These  belong  to  two  types  which  exhibit  sharp  con- 
trasts of  color,  composition  and  weathering.  One  type  is 
inclined  to  tints  of  red,  pink,  blue,  or  purple ;  is  acid  in  com- 

?osition  ;  generally  porphyritic ;  and  weatners  into  thin  slabs, 
'he  other  type  is  almost  invariably  of  a  green  color;  basic  in 
composition;  frequently  amygdaloidal ;  and  weathers  into 
rough,  angular  blocks.  The  rocks  of  the  first  type  have  been 
called  felsite,  orthofelsite,  porphyry,  or  petrosilex ;  those  of  the 
second,  trap,  greenstone,  chlorite-slate,  or  epidote-slate.  In 
view,  however,  of  the  perfection  with  which  tliese  rocks  have 
preserved  the  most  cnaracteristic  features  of  their  modern 
equivalents,  there  is  no  reason  why  they  should  not,  like  them, 
be  termed  rhyolites  and  basalts.  The  insignificance  of  mere 
age  as  a  factor  in  rock  nomenclature  is  now  so  fully  recognized 
that  we  may  with  propriety  ernploy  the  names  of  our  recent 
lavas  for  rocks  of  any  geological  horizon,  when  we  can  prove 
bevond  doubt  their  identity. 

It  is,  of  course,  to  be  expected  that  many  rocks  of  inter- 
mediate character  will  be  found  within  this  volcanic  area. 
Since  the  petrographical  and  chemical  study  has,  however, 
only  begun,  and  since  the  contrast  above  noted  is  so  well 
defined,  the  distinction  of  two  types  may  at  present  be  regarded 
as  sufiicient. 

a).  The  acid  rocks,  rhyolites. — The  rocks  of  the  acid  type 
occupy  somewhat  more  than  two-thirds  of  the  volcanic  area  of 
South  Mountain — (see  map).  They  occur  in  dykes  and  flows 
forming  a  body  of  great  thickness;  they  are  accompanied  by 
ashes,  tuffs  and  breccias ;  they  are  usually  porphyritic,  though 
not  always  so;  they  exhibit  the  characteristics  of  recent  glassy 
and  half-glassy  rocks — flow-structures,  perlitic  structure,  litho- 
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South  Mountain   Rhyolites. 

1.— Lithophysae,  Raccoon  Creek.  2.  — Flowstructure,  Raccoon  Creek. 

3. — Spherulites,  North  of  Tom's  Creek. 

(All  reduced  about  one-half.) 
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physae,  spheralites  (in  masses,  in  layers  and  in  chains),  axiolites, 
pniniee,  amygdaloids,  etc.,  etc. — in  hardly  less  perfection  than 
the  specimens  which  Professor  Iddings  has  so  admirably 
descrioed  from  the  Yellowstone  Park. 

These  structures  are  preserved,  in  spite  of  the  recrystalliza- 
tion  of  the  entire  rock-substance  into  a  fine  mosaic  They  are 
therefore  most  apparent  in  hand  specimens,  especially  when 
brought  out  by  weathering;  or,  under  the  microscope,  they 
are  better  seen  in  ordinary  than  in  polarized  light,  as  was  the 
case  with  the  old  glass  breccia,  recently  described  by  the  writer 
from  the  Sudbury  region.* 

The  following  is  an  analysis  of  a  rhyolite  specimen  from 
the  Gladhills  road,  near  the  Bigham  Copper  mine,  on  the 
north  side  of  Pine  Mountain,  made  by  Mr.  C.  Hanford  Hen- 
derson of  Philadelphia,  and  published  in  ISSdt.f  This  is  a 
quite  typical  rhyolite  analysis.  When  compared  with  analyses 
of  our  most  recent  acid  lavas,  the  iron  may  seem  a  little  high 
and  the  alumina  a  little  low,  but  on  the  whole  the  close  agree- 
ment is  a  surprise. 

SiO 73-62 

A1,0, 12-22 

Fe.O, 2-08 

FeO 4-03 

CaO 0-34 

MgO   026 

Na,0 S5: 

K,0 2-57 

Ign 0-40 

Total 99-09 

The  macroscopic  features  of  the  rhyolite  are  the  best  proofs 
of  its  true  nature,  for  weathering  brings  out  on  the  surface  of 
the  rock  each  delicate  detail.  In  this  way  we  discover  every 
<iharacteristic  of  glassy  rocks,  though  there  is  no  glass  now 
remaining.  Plate  X,  fig.  1,  shows  in  photographic  reproduc- 
tion a  specimen  five  inches  long,  covered  with  lithophysfle  as 
perfect  as  any  the  Yellowstone  can  furnish.  Their  delicate 
petals  are  a  pale  pink,  while  the  base  has  weathered  white. 
With  a  lens  the  radiating  and  minutely  fluted,  concentric  struc- 
ture can  be  traced  distinctly.  Fig.  4  (p.  488),  gives  a  some- 
what diagrammatic  idea  of  tnis  structure. 

Plate  X,  fig.  2,  shows  the  delicate  lines  of  flow-structure  ae 
they  are  displayed  on  the  weathered  surface  of  a  specimen  which 

♦Bull.  Geol.  Soc.  Am,  vol.  ii,  p.  138,  1891.  Ann.  Kept.  Geol  Surv.  Can.  for 
1889-90,  F,  p.  75,  1891. 

t "  The  Copper  Deposits  of  South  Mountain,"  by  C.  H.  Henderson.  Trans.  Am. 
Inst  Mining  Engineers,  vol.  xii,  p.  90. 
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in  its  interior  is  a  homogeneous,  dark  pnrple  felsite.  On 
other  specimens  these  flow  lines  are  even  more  sinuous.  This 
specimen  was  merely  selected  from  a  great  variety  because  it 
appeared  well-fitted  for  reproduction. 

At  some  localities  the  rhyolite  is  crowded  with  spherulites. 
Plate  X,  fig.  3,  represents  a  large  specimen  found  north  of 
the  junction  of  Copper  run  with  Tom's  Creek.  Here  the 
spherulites  make  most  of  the  mass  and  have  no  regular  arrange- 
ment. They  have  the  size  of  large  peas.  In  other  cases  the 
apheruHtes  are  of  smaller  size  and  more  sparsely  distributed. 
They  are  then  not  infrequently  arranged  in  layers  as  described 
by  Iddings  in  the  Yellowstone  obsidian.*  One  specimen  from 
Raccoon  Creek  (No.  143)  shows  small  but  very  perfect,  grey 
spherulites  distributed,  singly,  in  layers  or  in  large  aggregates 
through  a  black  base  which  was  once  probably  obsidian.  In 
appearance  it  is  not  unlike  the  well  known  specimens  from  the 
Lipari  Islands. 


Fig.  4.  Stnicture  of  a  lithophysa  brought  out  by  weathering — ^natural  size — 
No.  1 29,  from  Raccoon  Creek. 

Fig.  6.  Hand  specimen  showing  chains  of  spherulites — No.  78,  from  near  Snowy 
Mountain. 

Another  very  common  arrangement  of  spherulites  is  shown 
in  fig.  6.  Here  they  occur  in  single  layers,  which,  in 
cross-section,  appear  like  chains,  bent  more  or  less  out  of  their 
normal  horizontal  position  by  the  flow-motion  of  the  magma. 
The  individuality  of  these  spherulites  is  preserved,  though  they 
are  so  merged  into  one  anotlier  that  they  approach  the  axiolitic 
structure.  This  structure  is  so  frequent  that  it  has  doubtless 
helped  confirm  the  idea  that  the  felsite  and  porphyries  were 

♦Obsidian  Cliff,  7th  Ann.  Kept.  U.  S.  Geol.  Srrv.,  p.  276,  Plate  xviii,  1888. 
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stratified.  It  seems  to  be  qaite  independent  of  the  presence  or 
absence  of  phenocrysts  in  the  rock. 

Still  another  characteristic,  which  the  South  Mountain  rhyo- 
lites  possess  in  common  with  many  recent  lavas,  is  what  we 
may  call  the  eutaxitic  structure.*  This  consists  of  the  close 
intermingling  of  two  portions  of  the  magma  which,  on  account 
of  some  slignt  differences  in  chemical  composition  or  hydra- 
tion, show  a  marked  contrast  in  color.  The  two  portions  may 
be,  for  instance,  black  and  white,  pink  and  blue,  or  red  and  gray. 
They  mingle  so  as  to  produce  in  some  cases  an  irregular  mott- 
ling; in  others  a  complex  series  of  interlacing  bands  which 
bring  out  the  flow-structure  in  a  striking  manner.  Specimen 
No.  145,  from  Raccoon  Creek,  shows  small  black  areas  resemb- 
ling shreds  of  glass,  imbedded  in  a  pink  base  which,  on  a 
weathered  surface,  appears  snow-white. 

Amygdaloidal  structure,  representing  old  vesicles  more  or 
less  donated  by  motion  in  the  viscous  mass,  is  much  less  com- 
mon in  the  acid,  than  in  the  basic  rocks.  Fine  examples  of  it 
were,  however,  found  at  the  Bigham  Copper  mine;  along 
Raccoon  Creek  and  at  the  eastern  end  of  the  Jack's  Mountain 
tunnel  (Nos.  20,  147  and  7).  As  a  microscopic  feature  this 
vesicular  structure  is  still  more  common,  (see  fig.  6).  Per- 
litic  parting,  so  characteristic  of  glassy  rocks,  may  be  detected 
macroscopically  in  many  felsite  specimens. 

The  microscopical  characters  of  the  South  Mountain  rhyo- 
lites  are  far  too  varied  to  be  described  in  a  brief  paper  like  the 

{)resent.  It-  must  suflSce  to  say  that,  in  spite  of  the  recrystal- 
ization  of  the  substance,  we  still  find  in  great  perfection  all 
the  essential  features  of  the  most  recent  acid  lavas.  Corroded 
and  skeleton  phenocrysts  of  quartz,  micropegmatitic  inter- 
growths  of  quartz  in  feldspar  phenocryst9,t  and  phenocrysts 
broken  bv  the  flow  movement.  In  the  groundmass  we  find 
spheralitic  tufts,  axiolites,  elongated  vesicles  filled  with  quartz, 
trichites  and  globulites  in  great  variety,  which  bring  out  each 
detail  of  flow-structure.  All  the  particulars  of  microscopic 
structure  call  for  extended  study  and  description.  For  the 
present  purpose,  however,  which  is  merely  to  establish  the 
character  of  these  rocks,  what  has  been  said  must  suffice. 

In  mineralogical  composition  the  South  Mountain  rhyolites 
are  quite  uniform.  When  phenocrysts  are  present,  the  most 
abpndant  are  alkali  feldspar.  Quartz  in  rounded  bipyramids 
is  always  to  be  found  with  the  feldspar  under  the  microscope, 
although  it  is  not  so  often  apparent  to  the  unaided  eye.  In 
only  a  single  instance  (No.  257D,  from  the  head  of   Miney 

♦Pritschand  Reisa:  Tenerife,  ?•  414,  1868.  Rosenbusch:  Die  Massigen  Ge- 
Bteine,  2d  Ed ,  p.  625. 

t  J.  P.  Iddings :  I'oc.  cit.,  p.  274  and  Plate  xv. 
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ran)  has  any  ferromagnesian  constituent  as  yet  been  detected. 
In  this  case  biotite  is  abundant  as  an  original  mineral.  The 
^roundmass  of  the  rhyolites  is  for  the  most  part  a  qnartz- 
feldspar  mosaic  of  varying  grain,  much  of  whicn  is  the  result 
of  devitrification  and  recrystallization,  though  some  of  it  is 
also  probably  original  microgranite. 


Fig.  6 — Axiolitic  and  vesicular  flow  Pip:    7  — Flow   structure.   No.  61, 

structures.    No  77  from  near   Snowy  South  of  Willow  Grove,  Pa.,  mag.  6 

Mtn.,  mag.  5  diameters.  diameters. 

Attention  has  been  called  by  Tyson,*  Huntf  and  FrazerJ 
to  the  beauty  of  the  South  Mountain  porphyries,  and  to  the 
fact  that  they  are  so  susceptible  of  a  high  polish  as  to  make 
them  valuable  for  decorative  purposes.  Many  of  them  closely 
resemble  the  famous  porfido  rosso  a7itico  of  Egypt,  which  is 
largely  used  by  the  lapidaries  of  Home. 

b)  The  basic  rocksj  basalts. — The  basic  lavas  of  South 
Mountain  occupy  an  area  about  one-half  as  large  as  that  cov- 
ered by  the  acid  ones.  They  reach  their  maximum  develop- 
ment near  the  State  line,  where,  along  the  southern  edge  of 
Pennsylvam'a  and  for  a  considerable  distance  into  Maryland, 
they  form  the  entire  width  of  the  volcanic  belt.  North  and 
south  of  this  main  body,  the  basic  rocks  or  greenstones  are 
everywhere  met  with  as  narrow  bands  intersecting  the  rhy- 
olites and  following  the  general  trend  of  the  mountam.  These 
bands  differ  much  in  their  width,  but  seem  to  be  most  devel- 
oped along  the  eastern  flanks  of  Green  Ridge  and  Piney 
Mountain. 

♦First  Annual  Report,  I860.     Appendix,  p.  3. 

t  Proc.  Am.  Assoc.  Adv.  Science,  1876,  p.  212  (compares  them  with  the  Elf- 
dalen  porphyries). 

X  Second  Geol.  Survey  of  Penn.,  vol.  CC,  p.  285. 
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These  rocks  have  been  more  generally  sheared  into  slates 
than  the  acid  lavas.  The  chemical  alteration  which  has  gone 
on  in  them  is  also  in  general  greater.  Still  large  masses  of  the 
basic  rocks  have  been  bnt  little  altered  and  remain  quite 
massive.  These,  which  are  locally  known  as  "  copper  rock," 
are  the  only  members  of  the  volcanic  series  whose  igneous 
origin  has  been  heretofore  conceded.  They  are  for  the  most 
part  very  fine  grained,  vesicular  flows,  whose  original  structure 
IS  still  so  well  preserved  that  they  may  with  propriety  be 
called  basalts. 

The  following  analysis,  also  bv  Mr.  C.  H.  Henderson,  of  a 
massive  greenstone  from  the  ^echtel  copper  shaft,  Russel 
mine,  is  published  by  Dr.  Frazer.*  This  is  a  normal  basalt 
analysis,  indicating  as  little  chemical  change  in  the  basic  rocks 
as  the  one  given  above  does  in  the  acid  rocks. 

SiO 41-280 

A1,0, 18-480 

Fe.O, 9-440 

FeO 8-200 

CaO 7-040 

MgO 7-486 

NaO 3-523 

K,0 2-208 

Ign 2-740 

Total 100-397 

Basic  volcanic  rocks  never  exhibit  so  great  a  variety  of  struc- 
ture forms  as  characterize  the  more  acid  rhyolitea  The  South 
Mountain  basalts  are  usually  homogeneous,  dark  to  pale  green 
masses  which  rarely  show  any  microscopical  phenocrysts  and 
whose  most  constant  feature  is  amygdaloidal  structure.  These 
cavities  vary  greatly  in  size,  shape,  and  abundance.  They  are 
often  elongated  by  flow-motion  in  the  lava  and  are  now  filled 
with  a  number  of  secondary  minerals,  the  most  abundant  of 
which  are  epidote,  chlorite,  quartz,  and  zeolites.  Traces  of 
original  glass  or  sphernlitic  structure  (variolite)  have  not  yet 
been  detected  in  the  basalts. 

The  mineral  constituents  of  basic  rocks  are  more  subject  to 
alteration  than  those  of  acid  ones.  It  could  not  be  expected 
that  basalts  so  ancient  and  so  vesicular  as  those  of  South 
Mountain  would  escape  all  change,  but  it  is  a  surprise  in  many 
cases  that  this  change  has  been  so  small  The  f  erro-magnesian 
constituents  have  always  altered  to  epidote,  chlorite  or  serpen- 
tine, but  the  structure  is  frequently  preserved  in  its  minutest 

*  **  Hypothesis  of  the  structure  of  the  Copper  belt  of  South  Mountain,"  Trans. 
Am.  Inst  Min.  Enfcineers,  vol.  xii,  p.  82,  1883-4. 
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detail.  Under  the  microscope  the  ophitic  network  of  feldspar 
laths  is  still  fresh,  and  the  delicate  twinning  as  distinct  as  in  a 
recent  lava.  The  form  of  the  basaltic  magnetite,  of  the  olivine 
phenocrysts,  and  of  the  interstitial  pvroxene  is  also  plainly 
visible,  while  the  arrangement  of  the  feldspar  microliths 
among  the  oval  vesicles  clearly  indicates  the  motion  of  the 
still  viscons  mass. 

Fig.  8  gives  two  types  of  the  basaltic  structure.  The  one 
on  the  left  shows  skeleton  phenocrysts  of  olivine  and  a  fine 
grained,  ophitic  groundmass. 


Fig.  8,  mag.  5  diameters. 

Left  half. — Basalt  with  skeleton  olivines,  ophitic  structure,  fresh  feldspar. 
Amjgdules  filled  with  quartz  and  chlorite.     Railroad,  east  of  Monterey.  Pa. 

i?t^/i^  Ao//.— Somewhat  coarser  grained  basalt.  .Amjgdules  filled  with  zeolites 
and  quartz  grains.     Railroad,  east  of  Monterey,  Pa. 

Both  have  large  amygdules  which  are  either  oval  or  of 
irregular  shape,  and  filled  with  different  minerals. 

c)  Pyroclastic  deposits^  tuffs  and  breccias. — As  is  generally 
the  case  with  large  accumulations  of  surface  eruptions,  the 
South  Mountain  lavas  are  accompanied  by  extensive  deposits 
of  pyroclastic  material.  This  includes  coarse  flow-  and  tuff- 
breccias,  pumiceous  bombs,  and  banded  accumulations  of  fine 
volcanic  ash.  Like  the  massive  rocks,  this  fragmental  matter 
is  both  acid  and  basic  in  composition. 

The  most  striking  and  important  area  of  acid  tuffs  covers 
about  a  square  mile  in  the  Buchanan  valley,  at  the  eastern  base 
of  Piney  Mountain,  two  miles  north  of  the  Chambersburg 
turnpike.  Here  the  rock  is  a  breccia  whose  component  frag- 
ments vary  from  two  or  three  feet  in  diameter  to  the  finest 
ash.     All  sizes,  shapes,  and  colors  are  heterogeneously  mingled. 
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and  the  result  bears  a  superficial  resemblance  to  the  well- 
known  triaesic  breccia  ("Potomac  marble,"  "calico  rock")  of 
the  Frederick  valley.  The  material  in  this  case,  instead  of 
being  limestone,  is  entirely  rhyolite,  and  exhibits  remarkable 
variety  of  structures  and  colors.  Both  flow-  and  tuff-breccias 
occur  here,  while  a  portion  of  the  mass  has  been  sheared  into 
a  quite  fissile  slate.  Similar  acid  tuffs,  though  of  less  striking 
appearance,  occur  at  many  other  points  (Raccoon  Creek,  Mon- 
terey, old  Furnace  road,  etc.),  and  will  doubtless  continue  to 
be  discovered  as  the  examination  of  the  region  proceeds. 

Fragmental  deposits  consisting  wholly  of  basaltic  material 
abound  along  the  Western  Maryland  railroad  near  Monterey, 
and  farther  south.  The  finer  cementing  material  is  in  these 
almost  always  altered  to  epidote.  It  is  also  not  uncommon  to 
find  coarse  breccias  consisting  of  both  the  acid  and  basic  types 
of  rock,  but  a  careful  search  has  thus  far  failed  to  discover 
any  fragments  of  sandstone  in  these  pyroclastic  beds. 

4  Oeological  occurrence  and  relations  to  the  Sandstone. — 
No  evidence  is  necessary,  beyond  the  petrographical  charac- 
ters above  described,  to  establish  the  igneous  and  volcanic 
nature  of  the  South  Mountain  rocks.  Additional  evidence  of 
a  purely  geological  kind  is  not,  however,  wanting.  The  vicis- 
situdes througn  which  these  ancient  rocks  have  passed,  and 
their  present  inadequate  exposure,  tend  to  obscure  their  orig- 
inal relationships.  Nevertheless  dykes  may  be  seen  at  various 
Joints,  especially  at  the  western  end  of  the  railroad  tunnel  on 
ack's  Mountain,  where  an  amygdaloidal  red  felsite  cuts  the 
massive  and  schistose  greenstones.  Further  exploration  will 
doubtless  bring  to  light  many  similar  occurrences.  Successive 
flows  are  not  now  easy  to  separate,  but  the  amygdaloidal  and 
fluidal  structure  of  the  rocks  indicates  that  they  must  have 
been  extruded  in  this  form. 

The  age  of  the  South  Mountain  volcanics  and  their  relations 
to  the  sandstone  in  which  Mr.  Walcott  has  recently  identified 
the  lower  Cambrian  fauna,  are  points  of  great  interest.  The 
hypothesis  of  the  Pennsylvania  geologists  that  the  green- 
stones and  felsites  lie  above  the  sandstone  is  evidently  incor- 
rect. It  may,  however,  be  regarded  as  an  open  question 
whether  the  volcanic  rocks  represent  a  much  older  horizon, 
which  was  already  eroded  before  the  sandstone  was  deposited, 
or  whether  they  were,  in  part  at  least,  contemporaneous  with 
the  sandstones. 

The  entire  absence  of  sandstone  as  inclusions  in  the  lavas, 
as  well  as  in  all  the  accumulations  of  pyroclastic  material; 
the  observations  of   Keith,  Geiger*  and    Walcott,t   that  the 

*  Bull.  GeoL  Soc.  America^  vol.  ii,  p.  155 ;  plates  4  and  5. 
f  This  number  of  this  Journal. 
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sandstone  lies  flat  or  in  synclinals ;  and  the  sections  made  by 
Miss  Bascora  across  Monterey  Peak,  Pine  Mountain,  Jack's 
Mountain,  and  Haycock  near  Monterey,  all  indicate  that  the 
sandstone  is  altogether  above  the  volcanic  rocks,  and  that  it 
has  been  only  sporadically  left  by  erosion  on  the  east  side  of 
the  mountain  in  Pennsylvania.  In  Maryland  the  volcanic 
rocks  are  flanked  both  on  the  east  and  west  by  sandstone  (see 
map).  No  alternations  of  relatively  thin  beds  of  sandstone 
and  lava  have  thus  far  been  observed.  The  contacts  of  the 
sandstone  above  the  porphyry  on  the  old  tapeworm  railroad 
southwest  of  Maria's  Furnace,  and  above  the  greenstone  in  the 
Jack's  Mountain  railroad  tunnel  are  both  admirable  exposures, 
but  both  seem  to  be  thrust-planes  and  are  not  contacts  of  original 
deposition. 

The  South  Mountain  volcanic  rocks  therefore  become,  not 
merely  in  their  petrographical  character  and  richness  in  metal- 
lic copper,  but  also  in  their  stratigraphical  position,  comparable 
with  the  Keewenawan  or  Nipigon  series  of  Lake  Superior. 

5.  Chemical  Alteration  and  Metamiorphism.  — Extensive 
chemical  changes,  involving  devitrification  and  the  formation 
of  new  minerals,  have  gone  on  in  all  the  volcanic  rocks  of  South 
Mountain  without  destroying  the  original  structures.  In  other 
cases,  where  there  has  been  movement  and  shearing,  the  same 
rocks  have  lost  both  their  original  minerals  and  structures  by 
a  process  of  complete  metamorphism.  The  results  are  more  or 
less  perfectly  foliated  schists  and  slates,  whose  origin  can  be 
positively  traced  to  the  volcanic  rocks,  and  whose  present  form 
can  be  shown  to  depend  upon  the  intensity  of  the  dislocation 
to  which  they  have  been  subjected. 

The  chemical  changes  which  have  not  affected  the  massive 
character  of  the  rocks  consist  of  the  formation  of  new  minerals 
to  accord  with  the  altered  phvsical  conditions.  These  have,  as 
a  rule,  merely  replaced  the  former  minerals  so  as  to  leave  the 
original  structure  of  the  rock  intact.  In  the  basic  rocks  the 
new  minerals  are  epidote,  fibrous  green  hornblende,  chlorite, 
serpentine,  iron  oxide,  and,  to  less  extent,  calcite  and  quartz. 
Of  these  by  far  the  most  important  is  epidote.  Indeed  the 
conditions  for  the  formation  of  this  substance  must  have  been 
exceptionally  favorable,  as  it  has  everywhere  been  produced  in 
great  abundance.  Some  of  the  finer  material,  like  volcanic  ash 
or  breccia  cement,  is  wholly  altered  to  this  mineral.  It  is 
also  the  most  common  filling  of  the  amygdules. 

In  the  acid  rocks  there  has  been  a  complete  recrystallization 
of  all  glass  into  a  fine  quartz-feldspar  mosaic,  which,  however, 
still  exhibits  the  original  structures.  The  conditions  favorable 
to  epidote  formation  are  manifest  in  these  rocks  in  the  presence 
of  large  amounts  of  the   manganese  epidote    (piedmontite). 
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This  rare  mineral  is  so  abundant  and  occars  in  such  interesting 
relations  that  it  will  soon  be  made  the  subject  of  a  special  com- 
munication. 

The  manner  in  which  these  compact,  fine-grained  rocks  have 
been  reduced  along  lines  of  sheanng  into  fissile  slates  is  most 
instructive.  This  is  accompanied  by  the  abundant  production 
of  sericite  in  the  acid,  and  of  chlorite  in  the  basic  rocks,  while 
the  phenocrjsts  and  all  original  structures  are  obliterated. 
Amygdules,  where  present,  usually  remain  as  flattened  spots, 
either  lighter  or  darker  than  the  rock.  Several  suites  of  speci- 
mens have  been  collected  to  illustrate  this  process,  but  the 
account  of  its  details  must  be  reserved  for  a  future  paper. 

That  the  large  area  of  fissile,  pale  green  schists  occurring 
between  Pine  Grove  Furnace  and  Laurel  Forge  consists  of 
sheared  felsite  may  be  seen  from  the  following  analysis,  made 
for  commercial  purposes  by  A.  S.  McCreath.  This  rock,  which 
is  locally  known  as  ''soapstone,"  is  extensively  used  at  Pine 
Grove  Furnace  in  the  manufacture  of  brick.  Its  alkalies  were 
not  determined. 

SiO  74-970 

A1,0, 13-860 

FeO 2-700 

CaO 0-220 

MgO 1-230 

Alkalies ? 

Ign 2058 

Total 95-038 

6.  Comparison  with  other  regions, — The  comparative  rarity 
of  very  ancient  volcanic  rocks  in  America  as  compared  with 
Great  Britain*  and  other  parts  of  Europe  is  doubtless  due  to 
their  not  having  been  recognized,  rather  than  to  their  actual 
absence.  The  opinions  entertained  by  Hunt  of  rocks  like  those 
of  South  Mountain  have  greatly  retarded,  in  this  country,  the 
appreciation  of  their  true  character.  Still  they  are  well  known 
on  Lake  Superior  and  in  Missouri  through  the  writings  of 
Irvingf  and  E.  Haworth  ;±  Wadsworth§  and  Dillerl  liave 
described  them  in  eastern  Massachusetts,  Shaler^^  in  Maine, 
and  the  northern  continuation  of  this  same  belt  has  been  made 

*  Sir  A.  Geikie :  Anniversary  Address,  Quart.  Jour.  Geol.  Soc ,  vols,  xlvii  and 
zlviii,  1891-1892. 

t  Monographs  U.  S.  Geol.  Survey,  v,  1883:  and  Bulletin,  No.  62,  1890. 

1  Am.  Geologist,  vol.  i,  p.  280,  1888,  and  Bull.  Missouri  Geol.  Survey,  No.  5. 

§  Bull.  Mus.  Compar.  Zool  Cambridge,  vol.  v.  No.  13,  p.  282. 

I  Ibid.,  vol.  vii.  No.  2,  1881. 

^  This  Journal  (III),  vol.  xxxii,  p.  40,  1886.  Ann.  Rep.  U.  S  Geol.  Surv.,  vol. 
viii,  p.  1043,  1889. 

Am.  Jour.  Soi. — Third  Series,  Vol.  XLIY,  No.  264.— December,  1893. 
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known  by  the  Canadian  geologists,  Bailey,  Matthew  and  Ella, 
in  New  JSrunswick*  Bell  has  also  recently  described  similar 
rocks  in  the  Sudbury  region.f 

Similar  areas  are  easily  recognizable  in  Canada  and  Maine 
from  the  writings  of  Hunt,  Jackson  and  Hitchcock,  in  spite  of 
the  fact  that  they  are  not  properly  interpreted.  Volcanic 
rocks  have  not  before  been  clearly  identified  in  the  Appalach- 
ians, but  if  attention  is  called  to  them  they  will  doubtless  be 
recognized  at  many  other  points. 

Petrographical  Laboratory, 
Johns  Hopkins  University,  Nov.  1,  1892. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Temperature  of  Steam  from  Boiling  Salt-solutions. 
Considerable  diversity  of  opinion  exists  on  the  question  of  the 
temperature  of  the  vapor  arising  from  boiling  salt-solutions.  Cer- 
tain observers,  as  Faraday,  Wtlllner  and  Magnus,  maintain 
that  this  temperalure  is  the  same  as  that  of  the  solution,  while 
others,  as  Rudberg  and  Mttller,  hold  the  opinion  that  it  is  practi- 
cally the  same  as  that  arising  from  water,  ooiling  under  the  same 
pressure.  In  order  to  settle  the  question  Sakubai  has  made  a 
series  of  experiments  in  which  certain  sources  of  error  incident  to 
previous  methods  of  investigation  were  avoided.  His  apparatus 
consisted  of  a  long  necked  flask  containing  the  solution,  through 
the  stopper  of  which  two  thermometers  passed,  one  with  its  bulb 
in  the  solution  the  other  with  its  bulb  in  the  vapor  above  it.  The 
neck  of  this  flask  was  surrounded  with  a  jacket,  into  which  vapor 
could  be  passed  from  a  boiler,  and  which  was  connected  with  a 
condenser.  A  third  thermometer  indicated  the  temperature  in 
the  jacket.  Through  a  tubulure  in  the  side  of  the  flask,  steam 
was  blown  in  order  to  supply  suflicient  vapor  to  maintain  the  tem- 
perature in  the  neck,  the  excess  of  vapor  passing  off  through  a  tube 
in  the  stopper.  The  solution  to  be  examined  was  placed  in  the 
flat«k  without  soiling  the  neck,  the  stopper  was  inserted,  a  solution 
of  acetic  acid  boiling  at  a  slightly  lower  temperature  than  the 
solution  was  placed  in  the  boiler  and  made  to  boil,  and  the  gas 
was  lighted  under  the  flask.  When  the  solution  was  heated  to 
boiling,  steam  was  admitted  through  the  lateral  tubulure  and  the 
whole  being  in  equilibrium,  the  temperature  of  the  thermometer 
was  read.  With  a  dilute  solution  of  calcium  chloride,  the  tem- 
perature of  the  solution  varied  from  112-6°  to  113'3**,  that  of  the 
facket  from  110-8°  to  1119°  and  that  of  the  vapor  from  111*2°  to 

♦Ann.  Rep.  Can.  GeoL  Surv.,  1877-8  DD,  and  1879-80  D. 
flbid.,  for  1889-90  F,  1891. 
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118*8°;  the  difference  between  the  temperature  of  the  vapor  and 
that  of  the  solation,  in  eight  experiments,  being  as  much  as  one 
degree  in  a  single  case  only.  Solutions  of  potassium  nitrate  and 
of  sodium  nitrate  gave  similar  results.  '*  The  experiments  above 
described  prove  beyond  any  possible  doubt,"  says  the  author, 
"that  the  temperature  of  the  steam  escaping  from  a  boiling  salt- 
solution  is  exactly  the  same  as  that  of  the  solution.  This  I  be- 
lieve is  the  first  occasion  on  which  the  above  important  fact  has 
been  experimentally  established." — J.  Chem.  SoCy  Ixi,  495,  June, 
1892.  G.  F.  B. 

2.  On  the  Allotropism  of  Amorphous  Carbon. — ^A  graph itite 
has  been  investigated  by  Luzi,  obtained  from  the  chalk  at  Wun- 
siedel  in  the  Fichtelgebirge,  which  was  pronounced  by  both  Fuchs 
and  by  Sandberger  to  be  amorphous  carbon,  the  latter  consider- 
ing it  identical  with  the  graphitoid  or  schungite  of  Lauer  and 
Inostranzeff.  A  similar  graphitite,  occurring  at  Storg&rd  in  Finn- 
land,  has  also  been  examined  by  Luzi.  It  occurs  in  the  form  of 
dark  gray  nodules  which  mark  paper  like'  graphite,  have  a  con- 
choidal  fracture  but  no  cleavage.  Its  density  is  2'255-2-26  at 
17"5°,  and  on  combustion  in  oxygen  it  leaves  0*67  percent  of  a  light 
yellow  ash.  The  Wunsiedel  mineral  has  a  density  of  2*207,  and 
IS  also  entirely  amorphous.  It  is  free  from  hydrogen  and  nitro- 
gen, and  on  oxidation  with  potassium  chlorate  and  nitric  acid, 
gives,  after  five  successive  treatments,  an  orange-yellow  sub- 
stance, becoming  brown  on  drying  and  insoluble  in  water  and 
nitric  acid.  On  heating,  it  is  decomposed  with  a  hissing  sound,  and 
glows,  leaving  behind  a  black  powder.  Under  the  microscope  it 
appears  to  consist  of  minute  irregularly  rounded  plates,  which  are 
doubly  refracting.  On  analysis  it  gave  57*99  per  cent  of  carbon, 
1*93  per  cent  of  hydrogen  and  46*08  per  cent  of  oxygen.  Since 
ordinary  amorphous  carbon  is  completely  oxidized  by  treatment 
with  potassium  chlorate  and  nitric  acid,  as  is  also  schungite,  and 
since  graphite  is  converted  into  graphitic  oxide  by  this  treatment, 
the  author  considers  this  a  new  variety  of  amorphous  carbon 
resembling  graphite  in  the  products  of  its  oxidation.  Indeed  it 
appears  to  resemble  closely  graphitite  produced  in  arc-light  car- 
bons, the  oxidation-product  of  which  gave  Berthelot  0  51*95, 
H  1*55  and  O  46*50.  This  product  the  author  calls  graphititic 
oxide. — Ber.  Berl.  Chem.  Oes.,  xxv,  1378,  April,  1892.  g.  f.  b. 

3.  On  amorphous  Boron.— Mois&aix  has  prepared  the  so-called 
amorphous  boron  by  the  various  methods  described  and  has  ana- 
lyzed the  products.  By  the  method  of  Gay  Lussac  and  Tbenard, 
acting  on  boric  oxide  with  potassium,  using  a  copper  tube,  the 
product  contained  44*1  per  cent  of  boron.  By  acting  on  boric 
oxide  with  sodium  in  presence  of  sodium  chloride,  the  method  of 
Deville  and  W5hler,  a  product  containing  62*50  per  cent  of  boron 
was  obtained.  By  acting  on  potassium  borofluoride  with  potas- 
sium, method  of  Berzelius,  the  product  contained  51*15  of  boron. 
On  extracting  the  second  product  with  boiling  hydrochloric  acid, 
the  quantity  of  boron  was  raised  to  71*97  per  cent;  extraction 
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with  water  lowering  it  to  32-38  per  cent.  In  consequence  the 
author  first  attempted  to  prepare  boron  elect rolytically.  When 
a  current  of  35  amperes  is  passed  through  boric  oxide  mixed  with 
one  fifth  of  its  mass  of  sodium  borate  and  heated  to  1200°,  boron 
is  set  free  but  at  once  burns  to  oxide.  He  theu  tried  reduction  by 
means  of  magnesium,  mixing  70  grams  of  finely  powdered  mag- 
nesium with  210  grams  of  recently  fused  boric  oxide,  and  heating 
the  mixture  to  bright  redness  in  a  clay  crucible.  After  the  action 
was  over,  the  mass  was  treated  with  water  acidulated  with  hydro- 
chloric acid,  then  with  boiling  strong  hydrochloric  acid,  then  with 
alcoholic  potash  and  finally  with  hydrofluoric  acid.  The  product 
was  a  light  maroon  powder,  containing  94  or  95  per  cent  of 
boron.  If  this  be  fused  with  60  times  its  weight  of  boric  oxide 
and  again  treated  with  magnesium  a  product  is  obtained  contain- 
ing 98*3  per  cent  of  boron.  And  if  the  reduction  be  efifected  in  a 
crucible  brasqued  with  titanic  oxide  and  carbon,  the  percentage 
of  boron  may  reach  99*2.— 6\  i?.,  cxiv,  319,  392;  J.  Chmi.  Soe,y 
Ixii,  681,  682,  June,  1892.  g.  f.  b. 

4.  On  the  Atomic  Mass  of  Boron. — Abrahall  has  determined 
in  Dixon's  laboratory  the  atomic  mass  of  boron  by  titrating  boron 
bromide  by  means  of  silver  nitrate.  The  mean  of  five  accordant 
determinations  gave  1 0*825. — X  Chem.  Soc,  Ixi,  650,  Aug.,  1892. 

G.  F.  B. 

6.  Absorption  power  of  metals  for  the  Energy  of  ElectricaJL 
toaves. — Hertz  concluded  from  his  experiments  that  the  production 
of  resonance  and  the  period  of  oscillation  in  resonators  are  not 
afiected  by  the  specific  resistance  or  the  magnetic  properties  of  the 
secondary  conductor.  Bjerkkbs  of  the  university  of  Christiana 
has  examined  this  subject  using  an  electrometer  and  finds  that  cop- 
per, brass,  german  silver,  platinum,  nickel  and  iron  show  differ- 
ent absorptive  powers.  The  rate  of  absorption  increases  with  the 
resistance  and  the  magnetization  of  the  metal.  Iron  and  nickel 
showed  a  marked  damping  effect.  Their  magnetization  however 
could  be  reversed  one  hundred  million  times  per  second.  Bjernkes 
makes  no  reference  to  earlier  papers  of  John  Trowbridge  and  also 
of  Professor  Thomson  of  Cambridge,  England,  on  this  subject 
Ann.  der  Physik  und  Chemie,  1892,  No.  9,  pp.  69-76.  J.  t. 

6.  Electrical  Oscillations, — M.  Zehkdbb  exhibits  to  a  large 
audience  Hertz's  oscillations  by  placing  the  conducting  rods  in 
the  focal  line  of  a  concave  mirror.  These  rods  are  connected  with 
a  Geissler  tube  within  which  the  ends  are  placed  very  close  to- 
gether so  that  a  general  luminosity  is  produced  inside  the  tube. 
The  effects  are  augmented  by  a  species  of  relay.  On  either  side 
of  the  terminals  of  the  resonator  are  two  other  terminals  from  a 
circuit  of  600  Plante  cells  of  small  size,  which  are  regulated  so 
that  the  current  i«  just  able  to  pass  between  the  terminals.  When* 
the  resonator  responds  to  the  electric  oscillations  the  discharge 
from  the  cells  is  augmented.  It  is  also  possible  to  work  with 
another  Ruhmkorff^  coil  instead  of  with  the  secondary  battery. 
Ann.  der  Physik  und  Chemie,  1892,  No.  9,  pp.  77-92.         j.  t. 
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'7.  On  Joints  in  Magnetic  Circuits, — Prof.  Ewing  shows  the 
great  effect  of  joints  in  reducing  the  residnal  magnetism  of  iron. 
The  division  ol  a  ring  3(><^"*  long  into  two  half  rings  abutting 
against  each  other  with  the  smoothest  possible  joints  has  the  effect 
of  reducing  the  residual  magnetism  from  9,000  to  6,000.  '^A  sim- 
ilar reduction  occurs  in  magnetic  tests  of  bars  when  these  are 
made  to  form  part  of  a  magnetic  circuit  by  the  addition  of  a  ma- 
rine iron  yoke." — Phil.  Mag.^  Oct.,  1892,  pp.  320-326.         J.  t. 

8.  Measurement  of  high  temperatures. — Ludwig  Holborn  and 
Willy  Wien  discuss  the  electncal  methods  of  measuring  high  tem- 
peratures and  give  results  obtained  by  the  use  of  a  thermo-ele- 
ment  of  platinum  and  platinum-rhodium.  This  method  appears 
to  be  preferable  to  Siemens's  method  of  observing  change  in  elec- 
trical resistance.  The  authors  obtain  concordant  results  for  the 
melting  point  of  gold,  silver  and  copper. — Ann.  der  Physik  und 
Chemie,  1892,  No.  9,  pp.  107-134.  j.  t. 

9.  Color  Photography. — Lifpmann  by  the  aid  of  a  very  sensi- 
tive bromide  of  silver  albumen  plate,  made  orthochromatic  by  a 
solution  of  azalin  and  cyanine  has  succeeded  in  photographing  the 
solar  spectrum.  Also  a  colored  church  window,  a  parrot,  and 
other  colored  objects.  The  time  of  exposure  with  sunlight  and 
the  electric  light  varied  from  five  to  ten  minutes.  With  diffuse 
light  an  exposure  of  several  hours  was  necessary. —  Comptes 
JRendus,  cxiv,  p.  961,  962,  1892.  j.  t. 

10.  Electrical  Resistance  of  Metals  at  Low  Temperatures. — Prof. 
Dbwab  and  Prof.  Fleming  have  studied  the  electrical  resistance 
of  metals  at  the  temperature  of  boiling  oxygen,  —197**  C,  and 
find  an  enormous  decrease  in  the  specific  resistance  of  perfectly 
pure  metals.  Pure  iron  at  —197°  C.  has  -^  of  its  resist- 
ance at  100**  C.  and  pure  copper  ^.  The  smallest  impurity 
affects  the  results  to  a  remarkable  degree.  A  carbon  filament 
such  as  is  used  in  an  incandescent  lamp  continually  increased  in 
resistance  as  the  temperature  was  lowered.  Carbon  thus  acts 
just  the  reverse  of  metals.  Iron  and  nickel  change  most.  Pure 
iron  at  the  temperature  of  boiling  oxygen,  —197**  C,  conducts 
better  than  electrolytic  copper  at  ordinary  temperatures.— PAi/. 
Mag.^  Oct.,  1892,  pp.  326-337.  J.  t. 

II.    Geology  and  Natural  History. 

I.  Les  Regions  Invisibles  da  Globe  et  des  Espaces  cUestes: 
Eatix  SouterraineSy  Tremblements  de  Terre^  Meteorites ;  par  A. 
DAUBRisB,  Membre  de  P  Institut.  240  pp.  8vo.  1 892.  — This  volume 
is  one  of  the  series  entitled  '*Biblioth^ue  Scicntifique  Interna- 
tionale," published  at  Paris  under  the  direction  of  ifim.  Alglave. 
Prof.  Danbr^e  has  here  brought  together  some  of  his  very  valu- 
able papers  illustrating  geological  principles  by  experimental  re- 
searches. The  papers  included  are  the  following :  I.  The  work 
of  subterranean'  waters  at  the  present  time ;  II.  The  part  they 
have   taken  as  mineralizers   during  geological  time;  III.  Earth- 
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quakes;  IV.  The  geological  work  of  subterranean  gases;  V. 
Meteorites,  and  the  constitution  of  the  globe.  It  is  greatly  to  the 
advantage  of  the  science  that  Prof.  Daubr6e  has  made  his  import- 
ant memoirs  so  conveniently  accessible  to  those  interested  in  the 
subject.     This  second  edition  contains  several  new  figures. 

2.  The  Pleistocene  History  of  Northeastern  Iowa ;  by  W.  J. 
McGee;  pages  189  to  677  of  the  eleventh  annual  report  of  the 
director  of  the  U.  S.  Geological  Survey  for  1889-90.  A  notice  of 
this  very  complete  memoir  on  northeastern  Iowa  is  deferred  to 
another  number. 

3.  GeologiccU  Survey  of  Iowa. — ^A  bill  for  a  new  geological 
survey  of  Iowa  passed  the  legislature  of  the  State  last  winter. 
The  appointments  made  for  the  Survey  are  Prof.  S.  Calvin, 
Geologist,  Charles  R.  Keyes,  Assistant  Geologist,  and  G.  £. 
Patrick,  Chemist. 

4.  Tiefencontacte  an  den  intrusioen  Diabasen  von  New  Jersey. 
A.  Andbbae  and  A.  Osann.  (Verhandlungen  des  NaturhisU- 
Med.  Vereins  zu  Heidelberg). — ^The  locality  which  was  personally 
studied  by  the  writers  is  that  at  Jersey  City  and  the  diabase  that 
of  the  well  known  Palisades.  The  contact  of  this  diabase  with 
the  Newark  shales  is  remarkable  in  that  in  extent  and  character 
it  resembles  that  of  the  coarse  granular  abyssal  rocks  and  not  the 
ordinary  diabase  contact.  The  shales  and  arkose  are  completely 
changed  to  silicate  hornstones,  of  which  several  varieties,  one  rich 
in  tourmaline,  are  described.  Thus  the  opinion  that  this  diabase 
is  intrusive  receives  strong  support.  l.  v.  p. 

6.  Bleolite-Syenite  of  Litchfield,  Me.  and  Bed  Hill,  N.  H. 
W.  S.  Batley  (Bull.  Geoloff.  Soc.  Am.,  vol.  iii,  pp.  231-262). — 
This  paper  gives  a  careful  and  minute  petrographical  and  chemical 
study  of  two  varieties  of  eleolite-syenite.  The  occurrence  at 
Red  Hill,  N.  H.,  had  been  previously  described  by  Hawes  in  his 
Lithology  of  New  Hampshire  as  a  hornblende  syenite,  the  nephe- 
lite  having  been  overlooked.  It  consists  of  augiie,  hornblende,  bio- 
tite,  sodalite,  nephelite,  albitc,  orthoclase  and  sphene.  The  study 
was  made  on  hand  specimens  and  nothing  is  yet  known  of  its 
geological  occurrence  and  connections.  The  same  may  be  said  of 
the  rock  from  Litchfield,  search  in  the  field  not  yet  having  shown 
the  source  of  the  bowlders  in  which  it  occurs.  This  latter  is 
shown  to  be  a  new  variety  of  eleolite  syenite  in  that  the  alkali 
feldspar  is  chiefly  albite,  not  orthoclase.  Hence  regarding  the 
albite  as  the  most  acid  of  the  plagioclases,  by  a  strict  interpreta- 
tion of  Rosenbusch's  system  of  classification,  the  rock  would  fall 
among  the  theralites  and  to  avoid  this  difficulty  the  author  pro- 
poses to  distinguish  the  variety  by  the  name  of  "  Litchfield ite." 
This  shows  the  rather  unfortunate  result  of  attempting  to  classify 
rocks  by  set  schemes  as  if  they  were  species.  It  we  accept  the 
conception  held  by  most  petrographers  that  eleolite-syenite  is 
an  alkali  magma — rich  in  alumina,  moderate  in  amount  of  silica, 
poor  in  ferro-magnesia  and  lime — crystallizing  into  a  granular 
rock  composed  essentially  of  nephelite  and  alkali  feldspar  with 
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one  or  more  members  of  the  amphibole,  angite  or  mica  families 
present,  and  not  according  to  the  crystallographic  nature  of  the 
essential  feldspar,  the  name  proposed  seems  hardly  necessary. 

L.  V.  p. 

6.  The  Gems  and  Precious  Stones  of  North  America ;  by 
Gbobgb  F.  Kunz. — An  Appendix  to  this  fine  work,  making  pages 
337-867,  has  recently  been  issued.  It  gives  much  interesting 
matter,  supplementary  to  the  main  volume,  chiefly  that  which 
mineralogical  investigation  has  brought  out  in  the  past  two  years. 

7.  Muciferous  System  of  Laminariacem^  by  Guignard  (An- 
nales  des  Sciences  Natnrelles,  15,  I). — This  study  proves  that 
certain  genera  of  ZaminariacecBj  such  as  Lessonia  and  Alaria, 
can  comprise  species  which  have  no  muciferous  canals,  while  others 
possess  them.  We  therefore  must  conclude  that  their  presence 
or  absence  cannot  ofl^r  any  specific  character.  g.  l.  g. 

8.  Researches  on  Multiple  Buds^  by  W.  Russell  (Annales 
des  Sciences  Naturelles). — The  principal  conclusions  which  these 
researches  have  led  the  author  to  are : 

(1)  Lateral  buds  can  be  produced  at  the  expense  of  the  con- 
stituent parts  of  the  foliar  axil,  either  at  the  expense  of  the  stem 
alone,  or  more  rarely,  that  of  the  leaf.  In  the  inflorescence  of  the 
Linden,  Cactacese,  and  so  on,  their  appearance  can  take  place  upon 
the  summit  at  the  same  time  as  that  of  the  axillary  leaf. 

(2)  Every  bud  has  at  the  commencement  a  double  growth, — 
a  proper  growth,  or  one  peculiar  to  itself,  and  a  growth  in  com- 
mon with  the  organs  which  have  formed  it.  The  latter  is  in  gen- 
eral much  more  rapid  than  the  former,  at  least  at  the  outset. 

(3)  The  majority  of  leafy  buds,  and  numerous  flower-buds,  can 
send  out  branches  at  their  base. 

(4)  These  buds  are  the  origin  of  successive  ramifications  which 
accompany  the  bud  of  the.  first  generation,  and  sometimes  these 
possess  no  axillary  leaves  at  all. 

(5)  These  successive  ramifications,  which  are  ordinarily  desig- 
nated as  accessory  buds  or  multiple  buds,  behave  at  the  outset 
just  as  axillary  buds  themselve?. 

(6)  The  disiposition  of  these  buds  always  obeys  the  laws  of 
phyllotaxy. 

(7)  The  basal  ramifications  have  a  well-defined  biological  r6]e. 
It  is  from  these  that  many  thorns  and  tendrils  are  produced,  or 
modifications  of  inflorescence. 

(8)  In  the  majority  of  cases  these  buds  remain  in  the  state  of 
dormant  buds,  and  are  the  origin  of  distortions  which  appear 
under  certain  circumstances  in  woody  plants.  Sometimes  upon 
annuals  they  play  the  rdle  of  hibernating  buds,  and  permit  the 
plant  to  grow  from  one  year  to  another.  They  can  develop  in 
the  same  year  that  they  form,  or  in  the  following  year,  coinci- 
dental with  the  bud  of  the  first  generation. 

(9)  We  can  show  experimentally  that  the  formation  of  these 
buds  can  continue  throughout  the  whole  life  of  the  plant.  This 
is  well  illustrated  by  ConvolvuluSy  for  example. 
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The  principal  results  of  these  researches  can  be  condensed  into 
a  single  statement :  the  law  of  the  nnity  of  the  axillary  bud  has 
absolutely  no  exception.  g.  l.  o. 

9.  Artificial  intraceUular  CrystaUization  ;  E.  Bblzung. — The 
author  has  shown  conclusively  that  within  the  cell  it  is  possible 
to  produce  artificial  crystals  of  considerable  size.  His  r^sum^, 
stated  at  considerable  length  by  him,  is  condensed  in  the  follow- 
ing shorter  statement : 

(1)  All  these  crystallizations  can  be  produced  by  the  simple 
means  of  placing  living  tissues  in  pure  glycerine.  This  reagent 
produces  an  exosmosis  more  rapid  than  that  of  the  crystallizable 
substance  dissolved  in  the  water.  From  this  process  the  sap  is 
carried  to  the  point  of  saturation  and  must  undergo  an  intracel- 
lular precipitation. 

(2)  The  most  abundant  principles  which  are  contained  in  young 
plants  which  he  has  studied  are  asparagine,  leucine,  and  neutral 
sulphate  of  potassium.  The  two  amides  crystallize  in  the  cells 
simultaneously  with  the  greatest  facility.  In  Lupinus  luteuSy  as- 
paragine,  tyrosine",  and  sulphate  of  calcium  ai*e  produced.  The 
gypsum  crystallizes  in  the  tissues,  for  Cicer,  xanthine  and  calcium 
sulphate.  Xanthine  has  been  hitherto  unknown  as  a  product  of 
the  normal  activity  of  the  plant.  It  crystallizes  clearly  in  the 
cells,  in  very  delicate  filamentous  forms.  In  OucurbUa  p^f>o^  as- 
paragine  and  potassium  nitrate,  can  be  very  easily  made  to  crys- 
tallize in  all  these  cases. 

(3)  The  metamorphosis  of  protein  and  saline  matters  under 
these  conditions  is  almost  exactly  like  that  which  takes  place  in 
the  ripening  of  a  seed,  so  that  we  have  really  artificial  aleurone 
grains  formed,  much  as  in  a  ripened  seed. 

(4)  What  is  the  mechanism  of  the  formation  of  these  difiTerent 
products  ?  Certain  of  the  amides  are  4)roduced  from  albuminoid 
matters  by  dilute  acids  or  alkalies,  as  a  consequence  of  the  action 
of  particular  ferments,  diastatic  or  peptonizing.  So  far  as  the 
mineral  products,  the  nitrates  and  sulphates,  are  concerned,  little 
can  be  said  positively.  The  nitrates  of  germination,  lor  example, 
are  comparable  with  those  salts  of  the  same  composition  which 
result  from  bacterial  fermentation  of  ammoniacal  compounds,  and 
the  same  remark  applies  to  the  sulphates  of  germination,  g.  l.  g. 

10.  On  the  Aeration  of  Solid  Tissues  ;  Henbi  Dbvaux. — (1) 
The  internal  atmosphere  of  all  solid  tissues  contains  a  notable 
proportion  of  oxygen,  in  certain  cases  pretty  nearly  that  which 
exists  in  pure  air. 

!2)  The  proportion  of  carbonic  acid  is  in  general  feeble. 
3)  The  proportion  of  nitrogen   is   often  different  from   that 
which  exists  in  pure  air,  sometimes  less,  often  more. 

(4)  The  total  pressure  of  the  internal  atmosphere  differs  from 
that  of  the  exterior  air,  sometimes  positively,  more  often  nega- 
tively, and  its  ratio  is  always  inverse  to  the  proportion  of  nitrogen. 

(5)  We  may  consider  tubers,  tubercles,  fleshy  fruits,  and  most 
solid  organs  as  formed  of  a  mass  very  porous  in  its  character, 
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which  is  enveloped  by  a  thin  and  porous  membrane,  less  per- 
meable than  itself.  Sometimes  this  has  no  normal  pores,  for  in- 
stance, in  the  apple,  the  orange. 

(6)  It  is  probable  that  a  gas  which  traverses  the  envelope  can 
penetrate  to  the  deepest  part  of  the  tissue. 

(7)  The  gas  passes  through  the  external  envelope  of  solid 
masses,  sometimes  in  the  free  state,  and  sometimes  dissolved. 

(8)  The  changes  which  are  produced  at  the  surface  depend  on 
the  permeability  and  the  porosity  of  the  pertdermio  membrane. 

(9)  Oxygen  tends  to  enter  especially  by  the  pores,  while  car- 
bonic acid  escapes  from  the  whole  surface  of  the  membrane. 
There  exists  a  veritable  circulation  of  these  gases,  but  the  circu- 
lation is  onl^  partial  in  the  majority  of  instances. 

(10)  Humidity  acts  in  a  very  variable  manner  on  the  composi- 
tion of  the  internal  atmosphere,  sometimes  increasing  permeabil- 
ity, sometimes  diminishing  it. 

(11)  Slow  or  rapid  drying  diminishes  permeability  and  causes 
a  greater  and  greater  accumulation  of  carbonic  acid. 

(12)  It  is  to  these  variations  in  the  proportions  of  oxygen  and 
carbonic  acid  in  the  internal  atmosphere  that  we  must  attribute 
the  different  values  of  pressure  in  the  internal  atmosphere. 

(18)  According  as  the  total  pressure  is  stronger  or  weaker  in 
the  internal  atmosphere,  there  is  produced  across  the  superficial 
pores  an  inward  or  an  outward  current  This  gaseous  current  is 
purely  mechanical,  and  can  be  regarded  as  a  third  series  of 
exchanges. 

(14)  Nitrogen  is  passively  held  in  this  gaseous  current. 

(15)  When  the  gas  acquires  a  constant  difference  of  pressure, 
in  spite  of  the  constant  sweeping  hither  and  thither,  we  must 
believe  that  the  current  is  produced  in  some  other  way  than  by 
difiusion.  A  constant  circulation  of  nitrogen  exists  in  the  atrial 
parts  of  plants,  but  the  circulation  is  purely  passive. 

(16)  Temperature  increases  or  diminishes  the  intensity  of  res- 
piration, and  this  modifies  the  composition  of  the  internal  atmos- 
phere. 

(17)  Light  acts  wherever  green  matter  exists,  sometimes 
through  chlorophylline  assimilation,  and  sometimes  by  the  with- 
drawal of  water,  thus  influencing  the  permeability  of  the  mem- 
branes. 

The  mechanism  of  exchange  can  be  summed  up  in  the  fol- 
lowing conclusion  :  Gaseous  exchanges  of  all  solid  organs  hitherto 
studied  are  produced  in  three  different  ways,  which  ordinarily  co- 
exist, but  which  act  with  a  variable  intensity.  These  are.  Effu- 
sion; Dialysis;  and  a  purely  mechanical  passage  of  a  gaseous 
current. 

Effusion.  Diffusion  of  free  gas  across  the  pores  of  an  envelope 
under  the  influence  of  differences  of  pressure  proper  to  each  gas. 

Dialysis.  Diffusion  of  gas,  dissolved,  across  the  membrane 
under  the  same  influence. 
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Gaseous  current.  General  displaoement  of  the  total  mass  of 
the  mixed  gases  across  the  pores  of  the  envelope  under  the  infla- 
ence  of  the  difference  of  total  pressure  which  exists  between  the 
interior  and  the  exterior.  o.  l.  g. 

1 1 .  Bibliotfieca  Zoologica^  U. — ^This  valuable  and  exhaustive 
work,  under  the  editorahip  of  Dr.  O.  Taschenberg,  giving  the 
titles  of  works  and  articles  on  Zoology  which  appeared  between 
1861-1880,  has  reached  its  10th  Lieterung.  This  includes  the 
last  of  the  Mollusca  and  beginning  of  the  Vertebrates,  covering 
signatures  361  to  400,  or  pp.  2929  to  8248. 

III.    MlSCETLLANEOUS    SCIENTIFIC   INTELLIGENCE. 

].  National  Academy  of  Sciences, — ^At  the  meeting  of  the 
National  Academy  held  in  Baltimore,  Nov.  1  to  4,  1 892,  the  fol- 
lowing papers  were  presented  : 

G.  K.  Gilbert:  The  Evolution  of  the  Moon. 

T.  C.  Mendbnhall:  On  the  Observations  for  Latitude  at  Rockville.  Md  On 
the  Latitude  Observations  at  Honolulu.  The  Use  of  Planes  and  Knife-edges  in 
Pendulums. 

Thomas  B.  Osbobnb  :  Crystallized  Vegetable  Proteids.    Proieids  of  the  Flaz- 

H.  A.  Rowland:  A  Spectroscopic  Analysis  of  the  Rare  Earths.  A  Table  of 
Standard  Wave-lengths.    On  the  Motion  of  a  Sphere  in  a  viscous  Fluid. 

6.  H.  Wn^UAMS :  Volcanic  Rocks  of  South  Mountain  in  PennsylYania  and 
Maryland 

Ira  Reuben:  On  Some  Curious  Double  Halides.  Study  of  the  Action  of  Light 
on  acids  in  Solutions  containing  a  Salt  of  Uranium. 

C.  Barus  :  On  Isothermals  and  Isometrics  of  Viscosity. 

W.  K.  Bbooks:  Significance  of  the  Follicle  of  Salpa.  Biological  Relations  of 
the  oldest  Fossils. 

K.  D.  Cope  :  On  the  Vertebrate  Fauna  of  the  Blanco  Epoch. 

S.  C.  Chandler:  On  the  Motion  of  the  Earth's  Pole. 

C.  S.  Hastings  :  Recent  Improvements  in  Astronomical  Telescope. 

George  K.  Hale:  Exhibition  of  Photographs  illustrating  new  methods  and 
results  in  Solar  Physics. 

George  E.  Squier  and  Frank  A.  Wolff,  Jr.  :  Some  effects  of  Magnetism  on 
Chemical  Action. 

Volume  V  of  the  Meinoirs  of  the  Academy,  which  has  just 
appeared,  is  a  large  quarto  of  about  600  pages  with  many  plates. 
The  following  are  the  papers  it  contains :  On  energy  and  vision 
by  S.  P.  Langley ;  Contributions  to  Meteorology  by  Elias  Loomis ; 
Report  of  studies  of  atmospheric  Electricity  by  T.  C.  Mendenball; 
Embryology  and  metamorphosis  of  the  Macroura  by  W.  K. 
Brooks  and  F.  H.  Herrick ;  Application  of  interference  methods 
to  astronomical  measurements  by  A.  A.  Michelson. 
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oxide,  estimation  and  dehydration 
of,  Lea,  249 
Strontium    separated    from    calcium, 
Browning,  462. 
Clarke,  F.  W.,  constitution  of  ptilolite 

and  mordenite,  101. 
Clarke,  J.   M.,   list  of  species  of  the 

Oriskany  fauna  N.  Y.,  41 1. 
Claypole,  Palseaspis  of.  428. 
Color  of  compounds  and  their  chemical 
constitution,  Schulze,  262 

of  solutions  of  salts  as  affected  by 
the  concentration,  of  the  ions,  Line- 
barger,  416. 

photography^  Lippmann,  75,  499; 
Vogel,  423. 
system,  Rood.  263. 
Conwentz,  von  H  ,  Untersuchungen  uber 

fossile  Holzer  Schwedens.  260. 
Orehore,  A.  C,  effects  of  self-induction 
and  distributed  static  capacity  in  a 
conductor,  389. 
Cross,  W.,  post- Laramie  deposits  of 
Colorado,  1 9 ;  new  occurrence  of  ptilo- 
lite, 96. 


Dana,  J.  D.,  Jura-trlas  trap  of  'New 
Haven  region,  165. 

Danner,  E.  W.,  interaction  of  potassium 
permanganate  and  sulphuric  acid,  301. 

Darton,  N.  H.,  fossils  in  the  Archsean 
rocks  of  Central  Virjcinia,  50. 

Daubr^e,  Work  on  Experimental  Geol- 
ogy, 499. 

Day,  D.  T.,  Mineral  Resources  of  the  U. 
S.,  430. 

Delgado,  J.  F.  N.,  chiastolite  from  Por- 
tugal, 79. 

Dewey,  P.  P..  catalogue  of  collections  in 
Economic  Geology  iu  the  U.  S.  Mu- 
seum, 259. 

Diller,  J.  S.,  mica-peridotite  from  Ken- 
tucky, 286;  geology  of  the  Taylor- 
ville  region,  California,  330. 

Dumble,  E.  T.,  Geol.  survey  of  Texas, 
427. 

E 

Eakins,  L.  G.,  new  occurrence  of  ptilo- 
lite, 96. 

Earthquake,  the  great  Japan,  1891, 
Milne  and  Burton,  80. 


Electrical  conductivity  of  rock  magmas, 
Barus  and  Iddinga,  242. 
discharge,  action  on  gases  and  va- 
pors. Ludeking,  254. 
oscillations,  Toepier,  423;  Zehnder, 
498. 
resistance  of  ailotropic  silver.  Over- 
beck,  424;  of  the.  human  body, 
von  Frey,  76;  of  metals,  Dewar 
and  Fleming,  499. 
waves,  absorption  power  of  metals 
for  the  energy  of,  498. 
Electricity  of  waterfalls,  Lenard,  423. 
Electrification  aud  cloud  condensation, 

Aitken,  254. 
Electromaguetic  and  electrostatic  units, 

ratio  between.  Abraham.  254. 
Electrometer,  capillary,  Whitmore,  64. 


Ferry,  E.  S.,  persistence  of  vision,  192. 
•  Fossil,  see  Geology. 


Gannett,  H..  dictionary  of  altitudes  in 
.     the  United  States,  262 
I  Geikie,  A.,  history  of  volcanic  action  in 

the  British  Isles.  76. 
.  Genth,  F.  A.,  penfieldite,  a  new  species, 
260;  contributioDS  to  mineralogy,  No. 
54,  381. 
Geological    society   of    America,    81 ; 

Rochester  mectmg,  333. 
GBOLoaiCAL  Reports  and  Surveys — 

Alabama,  1892,  Smith,  78,  427. 
I     Arkansas,  1890,  Branner,  332;  Pen- 
I         rose,  428. 
I      Iowa,  500. 

I      Kentucky,  1890.  1891,  Procter,  78. 
New  Jersey,  1891.  Smock,  77. 
New   York,    Palaeontology,  vol.  viii, 

Hall,  330. 
Texas,  Dumble,  427. 
Geology— 
Archaean  of  Central  Virginia,  fossils 

from,  Darton.  60. 
Artesiau  boring  in  Texas,  Hill,  406. 
Artesian  and  underground  waters  in 

Texas,  eta,  Hill.  333. 
Brachiopoda,    development,     Pt.    u, 

Beecher,  133. 
Cambrian  rocks  of  Pennsylvania  and 
Maryland,   Walcott,   469 ;    of  Vir- 
ginia, etc.,  Walcott,  62. 
Chiastolite  in  fossiliferous  slates  of 

Portugal,  Dolgado,  79. 
Claosaurus  and  Ceratosaurus,  restora- 
tions. Marsh,  343. 
Coral  Islands  off    New  Guinea,  up- 
raised, Macgregor,  256. 
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Geology—  I 

Cretaceous  of  Dorthwestem  Montana,  | 

Wood,  401. 

PaUeontology  of,  on  Staten  Is.,  Hoi- 
lick.  259. 
Ojeadean    remains,     CapelUni    and 

SolmsLaubach,  336.  I 

Devonian  fossils,  Whiteaves,  429. 
system  of  eastern  Pennsylvania, 

Prosser,  210. 
Fauna  at  the  base  of  tbe  Burlington  ; 

limestone  in  Missouri,  Keyes,  447.    | 
Fossil  flora  of  the  Boseman  coal  field, 

Knowlton,  334. 
plants  in  glaciated  regions,  Nath- , 

orst^  336. 
Geology  of    the    Taylorville   region,  \ 

California,  Diller,  330. 
Glacial  epoch,  unity  of.  Wright,  351. 
pot-holes  in   California,  Turner, 

453. 
Glaciation  in  the  Finger-Lake  region, 

N.  Y.,  Lincoln,  290. 
Glaciers,  periodic  variations  in,  Forel, 

342. 
Gold  deposit  at  Pine  Hill,  California, 

Lindgren,  92. 
Gulf  of  Mexico  as  a  measure  of  isos- 

tasy,  McGee,  ill. 
Jura  and  Trias,  Taylorville,  California. 

Hyatt,  330. 
Jura-trias  trap  of  Xew  Haven  region, 

Dana,  165. 
Kilauea  in  April.  1892,  Bishop,  207. 
Laurentian   and    Hiirooian  of    Lake 

Huron,  relations  of.  Barlow,  236. 
Lower     Silurian    Lamellibrandiiata, 

new,  Ulrich,  79. 
Mannington  oil-field.  White,  78. 
Mastodon  Americanus,  Cuvier,  restor- 
ations. Marsh,  350. 
Mesozoicvertebrate  fossils.  Marsh,  171. 
Oriskany  fauna  in  Columbia  Co,   X. 

Y.,  new  lower.  Beecher  and  Clarke, 

410,  411. 
Palseaspis,  Claypole,  428. 
Post-Laramie  deposits  of    Colorado, 

Cross,  19. 
Petroleum,  natural  gas,  etc.  of  west 

Kentucky.  Orton,  78. 
Sharon,  coal  of  N.  K.     Ohio,  quartz 

bowlder  in,  Orton,  62. 
Shear-zone  in  the  Adirondacks,  Kemp, 

109 


Geology — 
Volcanic  action  in  the  British  Isles, 
history,  Geikie,  76., 

rocks  of  South  Mt,  in  Pennsyl- 
vania and  Maryland,  Williams,  482. 
Whetstones  and  novaculites  of   Ar- 
kansas. Griswold.  332. 
Gooch,  Frank  A.,  iodometric  determina- 
tion of  nitrates,  117;  convenient  forms 
of  laboratory  apparatus,   239;   inter- 
action   of    potassium    permanganate 
and  sulphuric  acid,  301 :  rubidium  de- 
termined by  the  spectroscope,  392. 
Griswold.  L.  S.,  whetstones  and  novac- 
ulites of  Arkansas,  332. 
Qruener,  H.  W.,  iodometric  determina- 
tion of  nitrates,  117. 

H 

Hall,  J.,  the  genera  of  Palaeozoic  Bra- 

chiopoda,  3i0. 
,  Headdeu,  W.  P.,  alloys  of  tin  and  iron, 

464. 
I  Heat  conductivity,  change  of,  Barus.  1. 

Hill,  R.  T.,  artesian  and  underground 
waters  in  Texas,  etc.,  333;  artesian 
boring  in  Texas,  406. 

Hollick,  A.,  Paleontology  of  tbe  Creta- 
ceous on  Staten  Is.,  259. 

Howell,  E.  E.,  Mt.  Joy  meteorite,  415. 

Hyalt,  A.,  Jura  and  Trias,  Taylorville, 
California,  330. 


Iddings,  J.  P.,  electric  conductivity  of 
rock  magmas,  242;  origin  of  igneous 
j  rocks,  257  ;  eruptive  rocks  of  Yellow- 
stone Nat.  Park,  429. 

Incandescent  lamps,  age-coating  in, 
Nichols,  277. 

Isostasy.  Gulf  of  Mexico  as  measure  of, 
McGee,  177. 


Japan,  the  great  earthquake,  Mihie  and 
Burton,  80. 


Kemp.  J.   F.,  great  shear-zone  in  the 

Adirondacks,  109. 
Kentucky,  Geol.  survey,  Procter,  78. 


Siliceous  beds  in  the  Rocene  of  New    Keyes,  C.  R.,  fauna  at  the  base  of  Biu-- 

rF..i 1     it:_j. J    U.I — -     nst\  i:«.<«4-r%n  ItmAafnna  in    Miiaorkiiri     AAl 


Zealand.  Hinde  and  Holmes,  259. 
Sylloge  fungorum  fossilium,  Meschi- 

nelhi,  335. 
Terraces  in  glaciated  regions,  origin, 

Tarr,  59. 


lington  limestone  in  Missouri,  447. 
Knowlton,   F.    H.,   fossil   flora  of   the 

Bozeman  coal  fleld,  334. 
Kunz,  G.  F.,  Gems  and  precious  stones 

of  North  America,  501. 
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Laboratory  apparatus,  Gooch,  239. 

Landauer.  J.,  Blowpipe  Analysis,  80. 

Lea,  M.  Carey,  estimation  and  dehydra- 
tion of  silver  oxide,  249 ;  silver  hetni- 
sulpbate,  322;  notes  on  silver,  444; 
silver  chlorides,  446. 

Lincoln,  D.  F.,  glaciation  in  the  Finger- 
Lake  region,  N.  Y.,  290. 

Lindgren,  W.,  gold  deposit  at  Pine 
Hill,  California,  92. 

Linebarger,  0.  K.,  relations  between  the 
surface  tensions  and  chemical  consti- 
tution of  liquids,  83;  concentration 
of  the  ions  as  affecting  the  color  of 
salt  solutions,  41f>. 

Ludeking,  C,  synthesis  of  crocoite  and 
phaenicochroite,  67. 


McGec,  W.  J.,  Gulf  of  Mexico  as  a 
measure  of  isostasy,  177 ;  Pleistocene 
history  of  northern  Iowa,  500. 

Macgregor,  W.,  upraised  Coral  Islands 
off  New  Guinea,  266. 

Magnetic  circuits,  joints,  Kwing,  499. 
and  earth  current  phenomena,  re- 
lation between.  Kills,  424. 

field,      mapped    by   photography, 
Thwing,  374. 

Marsh,  0.  C,  Mesozoio  vertebrate  fos- 
sils. 171;  restorations  of  Claosaurus 
and  Ceratosaurus.  343 ;  restorations  of 
Mastodon  Americanus,  Curler,  350. 

Mathematicians  and  Astronomers,  Con- 
gress, 81. 

Mechanics,  Theoretical,  Spencer,  266. 

Meschinelhl  A.,  Sylloge  fungorum  fossil- 
ium,  etc.,  335. 

Meteoric  iron,  Kenton  Co.,  Ky.,  Preston, 
J  63. 

Meteorite,  Mt.  Joy,  Penn.,  Howell,  416. 
Washington  Co,  Kansas,  Preston, 
400. 

Meyer,  L.,  Outlines  of  Theoretical  Chem- 
istry, 266. 

Meyer,  R.,  Jahrbuch  der  Chemie,  72. 

Millar,  C.  b.  H.,  Florida,  South  Carolina 
and  Canada  phosphates,  342. 

Milne,  J.,  great  earthquake  of  Japan, 
1891,  80. 

Mineral  resources  of  the  U.  S.,  Day, 
430. 

MlKSKAIf — 
Aguilarite,  381. 
Basilite,  Sweden,  261. 
Crocoite,  synthesis,  57.  Cyrtolite,  Col- 
orado, 387. 


MiMEKALS — 

.Danalite.  W.  Cheyenne  Cafion,  385; 
Cornwall,  430. 

Fuchsite,  Habersham  Co.,  Ga.,  388. 

Garnet,  Buckfield,  Me.,  79.  Graphi- 
tite,  497. 

Herderite,  Hebron,  Me.,  114, 

Lepidolite,  Japan,  387.  Lollingite, 
North  Carolina,  384. 

Masrite,  Egypt,  261.  Metacmnabar- 
ite,  Orange  Co.,  Calif.,  383.  Mor- 
denite,  constitution,  101.      < 

Penfleldite,  260.  Phaenicochroite,  syn- 
thesis, 67.  Polybasiie,  Aspen,  Col.. 
16.  Ptilolite,  Custer  Co.,  OoL.  96, 
101. 

Quartz,  from  the  alteration  of  flesh- 
i  colored  orthodase,  W*  Cheyenne 
Cafion,  386. 

Rutile.  Colorado,  384. 

Sjogruvfite,  Sweden.  262. 

Tennantite,  Aspen,  Col.,  15. 

Yttrium-calcium  fiuoride,  Colorado^ 
I         386. 


K 

Natural  Science,  a  monthly  review,  170. 

New  Jersey,  Geol.  report,  1891,  Smock, 
77. 

Nichols,  E.  L.,  age-ooating  in  incandes- 
cent lamps,  277. 


Obituary — 

Rutherfurd,  L.  M.,  82. 

Orton.  E.,  quartz  bowlder  in  the  Sharon 
coal  of  northwestern  Ohio,  62 ;  Petro- 
leum natural  gas  and  asphalt  rock  of 
W.  Kentucky,  78. 

Osteology  of  Poebrotherium,  Soott,  428. 


Pal^ontologie  v^g^tale.  Zeiller,  334. 

Paleontology,  see  Geology. 

Pearce,  S.  H.,  polybasite  and  tennantite 
from  Aspen,  Col.,  16. 

Peloponnesus,  geology  of,  part  11,  Phil- 
ippson,  79. 

Penfield,  S.  L.,  polybasite  and  tennantite 
from  Aspen,  Col,  16;  crystallogra- 
phy of  alkali-metal  pentahalides,  42 ; 
herderite  from  Hebron,  Me.,  114; 
crystallographic  notes  on  alkaline 
iodates,  123;  crystallography  of 
double  halides  of  silver  and  alkali- 
metals,  155;  crystallography  of  the 
caesium    and   rubidium    chloranrates 
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and  bromaurates,  157;  cryetalloirra- 
phj  of  cffisium-mercuric  halides,  311 ; 
crystallographic  notes,  381. 

Penrose,  R.  A.  F,,  Geol.  survey  of  Ar- 
kansas, 428. 

PhilippsoD,  A.,  geology  of  the  Peloponne- 
sus, part  II,  19. 

Pbinney,  J.  I.,  rubidium  determined  by 
the  spectroscope,  392. 

Phosphates  of  Florida,  South  Carolina, 
and  Canada,  Millar,  342. 

Photography,  color,  Lippmann,  76,  499 ; 
Vogel,  423. 

Physical  and  chemical  phenomena  at 
very  low  temperatures,  Pictet,  253. 

Physics,  advanced  course,  Barker,  426. 

Preston,  H.  L.,  meteorite,  Washington 
Co.,  Kansas,  400 ;  new  meteorite  from 
Kenton  Co.,  Kentucky,  163. 

Procter,  J.  R.,  Kentucky,  Geol.  survey, 
77. 

Prosser,  C.  S.,  Devonian  system  of  east- 
em  Pennsylvania,  210. 


Radiation  between  16"  C  and  100"  C, 
discussion  of  formulae  for,  Stevens, 
431. 
Riggs,  R.  B.,  separation  of  magnesium 
chloride  from  the  chlorides  of  sodium 
and  potassium,  103. 
Rocks—' 
Diabase  of  N.   Jersey,   contact  phe- 
nomena, Andreffi  and  Osann,  600. 
Elaeolite-syeniteof  Litchfield,  Me.,  etc., 

Bay  ley,  500. 
Eruptive    rocks,    Yellowstone    Nat. 

Park,  Iddings,  429. 
Granite  of  Durbach,  Sauer,  429. 
Igneous  rocks,  origin,  Iddings,  257. 
Lavas  of  Mt  Ingails,  California,  Tur- 
ner, 455. 
Mica-peridotite,  Kentucky,  286. 
Ottrelite  in  a  metamorphic  coxiglom- 
erate  in  the  Green  Mts.,  Whittle, 
270. 
Volcanic  rocks  of  South  Mt.,   Penn- 
sylvania, G  H.  Williams,  482. 
Rood,  O.  N.,  color  system,  263. 
Royal  Society  of  London,  Catalogue  of 

scientific  papers.  1874-1883,  170. 
RuhmkorfE  coil,  discharge,  Moll,  73. 


s 

Sauer,  A.,  granite  of  Durbach,  429. 
Soott,  W.  B.,  Osteology  of  Poebrotheri- 

um,  428. 
Self-induction  and  static  capacity  in  a 

conductor.  Bedell  and  Crehore,  389. 
Silver,  see  Chsuistbt. 


I  Smith,  E.  A.,  Geol.  survey  of  Alabama, 

1892,78,427. 
'  Smock,  J.  0.,  New  Jersey  G^eol.  report, 

1891,  77. 
'  Specific  inductive  capacity  of  a  dielectric, 

Trouton  and  Lilly.  254. 
Spencer,  J.,  Theoretical  Mechanics,  256. 
Stevens,  W.  LeC.  comparison  of  form- 
ulae for  total  radiation,  431. 
I  Surface  tension  and  chemical  constitu- 
'      tion  of  liquids,  Linebarger,  83. 


j  Tarr,  R.  S.,  origin  of  terraces  in  gla- 
ciated regions,  59. 
'  Temperature  of  the  circumpolar  region, 

43U. 
Temperatures,  measurments  of  high,  Hol- 
I     bom  and  Wien,  499. 
I  Texas  Geol.  survey,  Dumble,  427. 
;  Thermal  variation  of  viscosity  and  elec- 
trolytic resistance.  Bams,  255. 
Thwing,  C.  B.,  photographic  mapping 

the  magnetic-field,  374. 
Tin  and  iron,  alloys  of,  Headden,  464. 
Trowbridge,  J.,  physical  abstracts,  76, 

253,  423,  498. 
Turner,  H.  W.,  glacial  pot-holes  in  Cali- 
fornia,.463 ;  lavas  of  Mt.  Ingails,  Call- 
fornia,  465. 


Uhler,  P.  R.,  Albimpean  studies,  333. 
Ultra  red  rays,  dispersion,  Rubens,  76. 


Vapor  density  under  diminished  pres- 
sure, Schall,  72. 
Vision,  persistence  of.  Ferry,  192. 
Volcanic,  see  Geology. 

w 

Walcott,  C.  D.,  Cambrian  rocks  of  Vir- 
ginia, etc.,  62 ;  Cambnan  rocks  of 
Pennsylvania  and  Maryland,  469. 

Washington  Philosophical  Society,  Bulle- 
tin, 258. 

WoUs,  H.  L.,  alkali-metal  pentahalides, 
42;  herderite  from  Hebron,  Me.,  114; 
double  halides  of  silver  and  the  alkali- 
metals,  156;  caesium  and  rubidium 
chloraurates  and  bromaurates,  157; 
caesium-mercuric  halides,  221. 

Wheeler,  H.  L.,  alkali-metal  pentaha- 
lides, 42;  alkaline  iodates,  123; 
double  halides  of  silver  and  the  alkali- 
metals,  155;  caesium  and  mbidium 
chloraurates  and  bromaurates,  157. 
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White,  I.  C,  Mannington  oil-field«  78. 

Whiteaves,  J.  F.,  Devonian  fossils,  429. 

Whiteley,  B.  L.,  Chemical  calculations, 
73. 

Whitmore,  J.,  method  of  increasinf;  the 
range  of  capillary  electrometer,  64. 

Whittle,  G.  L.,  an  ottrelite-bearing  phase 
of  a  metamorphic  conglomerate  in  the 
Green  Mts.,  270. 

Williams,  G.  H.,  volcanic  rocks  of 
South  Mt.,  in  Pennsylvania  and  Mary- 
land, 482. 


Wisconsin  Academy  of  Sdenoes,  trans- 
actions, 262. 

Wood,  H.,  Cretaceous  of  northwestern 
Montana,  401. 

Wright,  G.  F.,  unity  of  the  glacial  epoch, 
351. 


Zeiller,  R.,  Pal^ntologie  v^tale,  334. 
Zoologica,     Bibliotheca,    Taschenberg, 
604. 
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